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PCT/ G893/ 82020 1 ATOM SI NG NOZZLE AND FI LTER AND SPRAikgﬁkkﬁﬁjiﬂ
BACKGRQUND TO.THE | NVENTI ON Fi el d of the Invention The present tlon
relates to an‘aton1S|ng nozzle and to 5 such a nozzle with a frlter, '
notably to one which produces a spray of fine droplets suitable, for
exanpl e, forl the administration of a nedicament by inhalation, to the
production of such nozzles, and to a spray generating device incorporating

such nozzles. Descrixtion of the Prior Art 10 It is known (e.qg.
from WD 91/ 14468) that fluids can be caused to forn1very fine dropl ets on
bei ng for cedwyy, ﬁH narrow nozzles at high pressure. éﬁéﬁ@g proposes
to manufacture the necessary nozzles usi ng net hods such as 658 ¥nown |

t he manuf acture of spinning nozzles. These nozzles are produced, for 15
exanpl e, by boring through a thin netal plﬁte wi th a tungsten- carbide
needl e. An inportant area of appllcatlon for the equi prent according to WO
91/ 14468 is the prww ; p oosvipes apy. Demandi ng
requi renents are on the fineness of the

droplets; it haS'b

The present invention relates to an atomising nozzle and to
5 such a nozzle with a filter, notably to one which produces a spray
of fine droplets _suitable. for example, for the administration of a
medicament by inhalation, to the production of such nozzles, and to
a spray generating device incorporating such nozzles.
Description of the Priop Art
10 : It is known (e.g. from WO 91‘/1446_8) that fluids can be
caused to form very fine droplets on being forced through narx‘-ow
nozzles at high pressure. W0 91/14468 proposes to manufacture the
necessary nozzles using methods such as those known in the
- manufacture of spinning nozzles. These nozzles are produced, for '
15 example, by boring through a thin metal plate with a tungsten-
carbide needle. An important area of applicatiorl for the equipment
according to WO 91)14‘!68 is the production of aerosols for
inhalation therapy. Demanding requirements are imposed among other
things. on the fineness of the droplets; it has been found during
20 numerous invest.igations t_:hat a considerable number of droplets must
have a size less than 6 pm in order that a sufficient quantity of
: i:he medicine can.i"each deep_ eﬁough into the lungs. For safe
treatment the individual pieces of equipment must each produce the
same droplet sj:ectra, since only then is it certﬁn that the given
" '25  dose of the medicine will be delivered to the lungs in the desired
way. C
With the mechanical production of nozzles there are
sometines disturbing deviations- from nozzle to nozzle, possibly due
to the walls of the nozzles being of varying degrees of roughness.
30 It is, amongst other things, difficult to produce.double nozzles,
like those shown in Figure 8 of the afore-mentioned WO 91/14468,
with the necessary acéuracy. In addition, it is not an easy matter
to obtain nozzles of changing‘ cross~section using known methods,
possibly with a view to accelerating or slowing down the flow of
35 fluid in the nozzle, or to provide impact elements or vortex-
generating devices. _ .
In PCT Application No GB91/00433, there have been described
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size of less than 10 micrometres for inhalation by a user so that
the droplets of medicament can penetrate into the lower lung. In
PCT Application No GB91/02145, there have been described methods and
devices by which the formation of such sprays can be optimised by
inducing secondary flows in the stream of fluid when it passes
through the nozzle aperture.

In the preferred form of such methods and-aevices, 1
metered dose of the fluid medicament is drawn from a reservoir into
a pressure chamber by retracting a piston in a cylinder of a pump
mechanism against the action of a drive spring. The piston or
spring is latched or otherwise retained in the retracted, or cocked,
position so that the metered dose is held at ambient pressure in the
pressure chamber of the pump until it is discharged. When discharge
is required, the piston or spring is released and the spring drives
the piston forward, thus applying a rapid bressure rise to the fluid
causing it to discharge through the nozzle aperture and form a spray
of droplets. _

The very fine dfoplets required for the application of a
medicament to the lower lung are achieved by the use of fine
aperture size nozzles and high pressures, typically with nozzle
apertures of less than 20 micrometres and pressures in excess of 300
bar. _
The nozzle apertures required to achieve such fine droplets
can be formed in a number of ways, for example by punching a hole in
a metal plate and part closing up the hole to achieve a fine
aperture with a rough rim which causes the secondary flows in fhe
fluid stream as it passes through the nozzle aperture. However, the
technigues used to form the nozzle aperture either regquire accurate
machining of components on a microscopic scale, which is expensive
and time consuming and does not give consistent results, leading to
rejection of components during quality control assessment prior to

use or to inconsistent operation of the device. Furthermore, the

need to be capable of enduring the very high pressure surge,
possibly - as high as 600 bar, when the device is actuated requires

!

quid

or t”o‘-h?}?to‘éf‘Fd{?e Wueﬁm%ue% We%"“@@n&i"a?‘ieng devi ces.



WD 94/ 07607

PCT/*GB93/*02020 2 met hods and devices for forming sprays of fine droplets
froma fluid without the use of pressurised propellant gasses, notably for
the formation of sprays of a fluid nedicanent which have a nmean dropl et
size of less than 10 micronetres for inhalation by a user so that 5 t he
droplets of nedi canment can penetrate into the lower lung.. In PCT

Appl i cation No GB91/02145, there have
whi ch t he forrra
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the device through the discharge nozzle when the piston is being
retracted to draw the metered dose of fluid from the reservoir and
to prevent blockage of the fine nozzle aperture by solid particles
entrained in the fluid. In a preferred fofm of such a construction
a cylindrical plug is a push fit in a chamber immediately upstream
of the nozzle orifice to provide an annular passage between the
internal wall of the chamber and the radially outward wall of the
plug. This annular passage has a radial dimension equal to or less
than the nozzle aperture and thus provides a fine filter to remove
solid partiéles which might otherwise block the nozzle aperture.
The fine annular passage also imposes & flow restraint on the
movement of fluid uhiéh is overcome by the high pressure generated
when the piston is driven on its forward, or dischérge. stroke to
allow fluid to flow outwardly through the nozzle aperture. The flow
restricﬁion. however, prevents fluid from flowing back into the
device as the piston is retracted. This reduces the risk of
contamination of the fresh fluid drawn into the pressure chamber

) from the reservoir with air or fluid from the nozzle assembly

downstream of the plug. Again, such a device must be qgnufactured
from metal to be able to withstand the pressure surge as the device
is operated and thus requires high precision machining of components

which is expensive.

SUMMARY OF THE INVENTION

An object of the invention, therefore, is to provide a
device and a method for the manufacture of a nozzle which reduces
the above problems and is capable of being made with a high degree
of accuracy at low cost. ] ’

In accordance with one aspect of the invention, there is -
provided 2 nozzle with one or more nozzle outlets for the
atomisation of fluids, consisting of at least two plates which are
connected together, possibly by an intermediate layer, wherein at
least a base plate has a groovéd structure which connects the intake

. This Sheet Has Been Re laced




20 of droplets. The very fine droplets required for the application of a
nmedi canent to the | ower lung are achieved by the use of fine aperture size
nozzl es and high pressures, typically with nozzle apertures of |ess than 20
m cronmetres and pressures in excess of 25—=ar. The nozzle apertures
required to achieve such fine ] fg;&sla‘i\?ﬂ\brred I n a nunber of ways,

for exanple by punching a hol g Bl qqca]ﬂ ate and part closing up the
brd FFm whi he secondary

hole to ag{?ﬁg‘g‘;@ fine aperturg =
flows in the fluid streamas 1t passes t hrough t nozzIl e aperture.
However, the techniques used to formthe nozzle aperture either require
accurate nmachi ning of conponents on a mcroscopic scale, which is expensive
and time consunm ng and does not give consistent results, |leading-to '
rejection of conpeiénbts thkinezalp guale tozzlzomtlesis)lassessnent prior to 35 use -
or to inconsistent operajd efbofinedthsr €R2VinoéntionFeunt Ihes Bhovede b h6zz0€ed -to be
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bar, when the device is actuated require
two or more plates; at least one of which, a base plate, is formed

5 with grooves which join an intske side and atomiser nozzle outlets '
provided on an oppositely disposed side, whilst another plate (the
cover plate}, which will normally be unétructured, is placed upon
the structured side of the base plate and is joined firmly thereto.
A nozzle assembly consisting of three layers can consist, for

10 example, of a.structured silicon plate, a flat silicon cover plate
and a thin glass plate therebetween. Of course the functions of the
base and cover plates can be reversed with a structured cover plate

overlying an unstructured base plate.
The cavities in the nozzle assembly are usually of
15 rectangular cross-section. However, a large'numbér of variations is
possible if the nozzle assembly are manufactured by way of the
method described hereinbelow and related methods known to those
skilled in the art. By using differene'etching Pethods, it is also
possible to produce base plates with grooves of other cross-sections
20 if so desired. '
If the cover plate is structured in additlon to the base
plate, then it is possible to obtain other cross-sections, e.g.
cross-sections of approximately czrcular shape. When both the base
plates and cover plates are structured both plates are usually
25 given identical structures. Other var1ations are possible if the
base plate and cover plate are structured in different ways but
adapted to cooperate with one another.
According to another aspect of the invention, there is
provided a spray generating device comprising a nozzle assembly for
30 forming the spray of droplets from a stream of fluid fed to it by a
means for generating a flow of fluid, which nozzle assembly

comprises:
a. a first member having formed in a first face thereof one or
more fluid inlet(s) adapted to feed fluid to one or more
35° fluid outlet(s) located at an edge of the first member, the

outlet(s) being configﬂred so that a spray of droplets is
formed by the fluid outlet(s) from a stream of fluid
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3 the use of nechanically strong conponents. Again, this adds to the cost
of t*he dewvice. In PCT Application No GB91/ 02147 there has been described a
form of construction which incorporates an integral one way val ve and
filter in the nozzle assenbly to prevent air being sucked into the device

t hrough the discharge nozzl e when the piston is belng retracted to draw the
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fluid outlet(s); and
c. means for connecting said fluid inlet(s) to said means for

generating the flow of fluid.

It is preferred that the fluid flow conduits each
incorporate one or more narrow bore portions which have transverse
dimensions and a transverse cross-section which is less than that of
the fluid outlet(s) and which act as filters to protect the

j outlet(s) against blockage by solid particles in the fluid. The
narrow bore portions also provide a flow restriction in the conduits

: which act as one way valves of the type described in PCT Application

No GB 91/02147.
Preferably, the first member is a substant;ally planar

. -member and the channel(s), fluid inlet(s) and fluid outlet(s) are

formed in a face of said first member with the longitudinal axes of
the qhannel(é) and of the inlet(s) substantially parallel to the
plane of said face and the plane of the outlet aperture
substantially normal to the plane of the first member; and the said
second member is a second generally planar member which is
preferably of substantially of the same plan shape and size as the
first member.

The means for connecting the fluid conduits of said first
member to the flow generating device is preferably provided by
locating one or more of the fluid inlet(s) at an edge of the first
or second members énd_providing means by which the first and/or
second members can be mechanically connected to the flow generating
device, for example by being & sealed push fit into the fluid ocutlet
of the flow genérating device, Alternatively, a third member can be
provided which is secured to a second face of either the first or
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SUMVARY OF THE INVENTION It is an object of the present invention to

anefl:i or ate one or

nore di sadvantages of the prior art. According to one

aspect of the present invention there is provided a nozzle assenbly for use
in a spray generating device which supplies fluid nmedicanent to the nozzle
assenbly at a pressure of at |least 50 bar, whereby the nozzle assenbly
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bore which communlcates with the fIUId inlet(s) in the first member.

The bore of the spigot can act as the cylinder of the pump mechanism

in such & device.

A nozzle assembly in accordance with the invention can
readily be formed as a laminated unitary constr;ction from
components which have had the appropriate channels, inlets and
outlets pre-formed therein by laser, chemical etching, photo-resist
or other surface engraving techniques well known in the micro-
forming art to achieve simple but accurately reproducible components
having substantially flat opposing faces. These components can be’
secured together by diffusion bonding, adhesion, welding, clamping
or other suitable techniques for securing them together in sealing
engagement, optionally'with sealing rings or other sealing
interfaces between the members by simple assembly techniques.

In accordance: with a further aébect of the invention, there
is provided a nozzle assembly comprising: .

a. a first member, which is preferably substantially planar,

- having one or more fluid inlet(s) formed therein; one or
more fluid outlet(s) formed at an edge of the said first

member and preferably also one or more channels formed in a

first face of said first member substantially parallel to

the plane of said face, the channel(s) connecting the fluid
inlet(s) with the fluid ocutlet(s) in fluid flow
compunication and preferably incorporating one or more
narrow bore portions which are adapted to act as filters
and one way valves;

b. a second member, which is preferably substantially planar
and of substantially the same plan shape and size as the
said first member, located upon said first face of said
first member and co-operating withsaid first member to
provide, and/or to define with the said channel(s) where
present in said first member. conduit(s) for connecting
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4 side of the nozzle to the nozzle outlet(s). An enbodi nent of the

I nvienti on can thus provide a nozzle (also referred to herein as a nozzle
assenbly) which is conposed of two or nore plates; at |east one of which, a
base plate, is forned 5 wth grooves which join an intake side and

atom ser nozzle outlets provided on an oppositely disposed side, whil st

~another plate (the cover plate), which will normally be unstructured, is
pl aced upon the structured side of the e E*af%‘%ﬁﬂ—“ g oi ned fi rrﬂy

~thereto. A nozz bly consisting ifi %1 ) EQMn| ¢ 10
exanple, of a s%‘@ugg@z@gg silicon platej_a_flJ ‘fplsﬁ ERon c _Ve?Eﬁpﬁéséoz& d a

thin glass plate therebetween. O course the functions of the base and
cover plates can be reversed with a structured cover pl ate overlying an
unstructured base plate. The cavities in the nozzle assenbly are usually of
15 rectangul ar cross-secti onsaidHIMRY &ilet(3) lwdth)Said LITHRY oudiet\S) i 18 F1dwS
possible if the nozzle assenbl y, cg@&pfg,gtured by way of the method

descri bed herei nbel ow and rel ate t hods hos § il In the
art. By using different®etchi #g" Sﬂ’é’e‘*’f‘?g VYge é’l“é‘%) g‘f e "?‘g f'f)’f’f"Bduce
base plates with grooves of ot P@Pelti“bé%“iéé'é?‘i EH'FS““E‘B““I} Fi"§o‘ Beeas (L

5 generating the fluid flow,

Preferably, the fluid inlets, the fluid outlets and the
connecting channels are formed wholly in the first face of the first
member and the second member is a cover member secured over said
first face to provide the wall forming thé& conduits. However, the

10 second member can be provided with part or all of the connecting
conduits, as when the second member is provided with the channels
and the first member provides the closing wall for those channels.
Similarly, the second member can be provided with part of the inlets
ahd/or outlets formed therein. For example, the first and second

15 nmembers can have mirror image halves of the inlets, outlets and
conduits cut in the opposed faces thereof whereby securing them
together forms the desired whole inlets, outlets and conduits.

For convenience, the invention will be described
hereinafter in terms of a first member which has the whole depth of

20 the inlets. outlets and channels formed in the first face thereof
and the second member has a substantially flat face which provides a
wall to complete the inlets, outlets and conduits. )

The f‘lixid outlet(s) act as the spray generating means of
the nozzle assembly. These can therefore be simple fine bore

25 orifices which can have rough, polygonal or other cross-sections or
edges. as described in PCT Application No GB 91/02145, to form a
spray of droplets from a stream of f‘lui& passing through the outlet
aperture. Thus, the aperture can have a triangular, sguared or
other regular or irregular polygonal shape, preferably having a

30 maximum to minimum a;':erture dimension of from 1:1 to 10:1. The lip
of the aperture can be rough, as when the aperture is formed by an
electro-sputter erosion technique in which material is removed from
the first member by striking an arc between the member and an
electrode. However,' it .is preferred that the aperture have a sharp

35 1lip thereto over which the fluid flow changes direction sharply to
achieve the secondary flow in the mainstream of the fluid flow.
Typically, the change in direction will be equivalent to at least
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If the cover plate is structured in addition to the base plate, then it is
possi bl e to obtain other cross-sections, e.g. cross-sections of
approximately circul ar shape. Wen both the base plates and cover pl ates
are structured, both plates are usually 25 gi ven identical structures.
O her variations are possible if the base plate and cover plate are
structured in different ways but e with one anot her.
Accor di ng t owgnghhigs aspect of thg THISHEFSHAS %Ef‘"é s g,rf&ydé;ﬂ‘ﬁ%spray

generating device conprising a nogzl mng the spray
of droplets froma streamof fluid fed to It by a means for generating a
~flow of fluid, which nozzle assenbly conpri ses a. a first menber
having fornmed in a first face thereof one or nore fluid inlet(s) adapted to
feed fluid to one or 5¥ppref@Bbly from 10 to 30%f pliithk tatel dldwsohahgiemiibmdcdibn an edge

of the first nenber, tﬁﬂaeghogcrl em(ese)rami RBe emgé v aSde&ion obaks an&pryay of
dropl ets is formed by the LA, 0l LeLlolnel W08 BhoAU, Ofrebdethd 10} s Sheet
Has Been Repl aced _

than one, diameters of the width of the flow. Such change in

- 5 direction, or secondary flow, can also be achieved by forming the

aperture with an axially inwardly directed lip as opposed to an

externally directed lip, for example where the aperture diverges

along the line of flow and has'an equilateral triangular plan shape

with its apex directed against the intended line of flow of the

10 fluid through the aperture. Alternatively, two channels can
intersect within the plan area of the first member to_fcrm a
turbulent flow in a single channel leading to the fluid outlet
aperture located at the edge of the first member.

Alternatively, the change in direction can be caused by

15 forming a flap or partial obstruction to the aperture whereby at
least part of the flow of fluid through the aperture is subjected to
a sharp chénge in direction by the flap or obstruction. Such a flap

_ or obstruction acts on from 10 to 80% of the effective cross-section
of the flow. Other forms of secondary'flow generators are described

20 in PCT Application No GB 91/02145 and the subject matter of that
applicaﬁion is incorporated herein by this reference.

Where the fluid outlet is formed so as to generate the
spray by means of the secondary flow caused by the shape and
configuration of the outlet, we have found that satisfactory sprays

‘25 can be produced with flow generating devices which generate a
pressure low as 25 bar where comparatively large droplets are
required, for example from 30 to 150 micrometres mass median droplet
size. However, when droplets with a mass median size of less than
about 20 micrometres are required, it will usually be necessary to

30 use a flow generating device which generates a pressure of at least
50 bar, typically 100 to 400 bar.

The droplet size will also be affected by the nozzle
apefture size. Thus, in general we have found that it is desirable
to use apertures with maximum transverse dimensions of less than 500

35 micrometres, for example 50 micrometres or less. Where fine droplet
sized sprays are required, the maximum transverse aperture dimension
is preferably less than 30 micrometres. Such dimensions correspond
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PCT/ (B934 02020 5 fl ow ng t hrough thenm b. a second nenber secured
upon the said first face of the first nenber and adapted to co-operate with
the first nmenber to provide one or nore conduits each adapted to 5

connect a said fluid inlet in fluid flow communi cation with a said fluid
outlet, preferably the said second member co- operates wth one or nore
channel's forned in the said first face of the said first nmenber to define

the walls of o e fluid conduift £ 2 fluid inlet(s) to
said 10 Wo?:{/mg{i’u' d outlet(s); af\w%éﬂ&% HA ﬁ’éﬁNs=foqu{9ﬁ’?é’@?qz g said
fluid inlet(s) to said neans for gent | C?Qom/of fluid. It is

‘one Or nore narrow

preferred that the fluid fl ow conduits each incd@rpor
bore portions which have transverse 15 di rensi ons and a transverse

Cross-section which is lt8Stodshadrioial abs bh@rdd 3licdl 208t0l @k( 3 @NMoYBhake act
as filters to protect tE.?crgHétLgst (Sined0Rb3L Hla9C ‘ﬁ?eqﬁ?c@’reﬁo thd aPe%&zJeCJ&es ' ne

the fluid. The narrow bore portions also provid ow restriction

conduits which-act as off&® R&f°oaP \7’@%’°‘l‘ﬁ‘°rﬁsh‘@"f’5}‘[$e’:’ HSLTEP ATPmF i pCT

Appl i cation As indicated above, the desired spray can also be formed by
5 causing two or more jets of fluid to impinge upon one another or for
a single jet to impinge on a fixed impinger. In this case it is not
necessary that the nozzle aperture cause any significaﬁt amount of
secondary flow and a smooth lipped substantially circular, squared
or rectangular aperture can be used. In order to produce an
10 acceptable jet, it is preferred to use a flow generating device
" .which generates a fluid pressure of from.SO to 400 bar and an
aperture wiﬁh a maximum transverse dimension of from 5 to 100

—u

micrometres. Where two impinging jets are used, it is preferred
that the line of flight of the jets include an angle of from 60 to
15 150°, preferably about 90 to 120°, at the point of impact and that

the impact occur from 25 to 500, eg. from 30 to 100, micrometres
from thé plane of the edge of'ﬁhe first member at which the fluid
outlets are located. Where a jet of fluid strikes a fixed impinger,
it is preferred that this be located in the line of flight of the

20 jet at a point before the jet begins to break up into separate
droplets, typically less than 1000 micrometres downstream of the
fluid outlet and that the surface of the impinger be angled to the
line of flight of the jet so that the impinger is self cleaning and
does not retain a significant amount of fluid thereon. A suitable

25 form of such a self cleaning impinger is described in PCT
Application No GB 92/0668. _

Embodiments of the invention are described hereinafter in
terms of the use of two fluid outlets to form twin jets of fluid
which impinge upon one another to form a spray of droplets.

30 The fluid outlets are fed with fluid under pressure from
the fluid flow generating means via the fluid inlet and the conduits
formed in the first member. The fluid inlet is conveniently
provided by a simple circular or other shaped chamber in the first
member which is in direct fluid flow communication with the flow

35 generating device via inlets at the edge of the first member or via
a spigot or other means by which the nozzle assembly is mounted on

- the flow generating device. As indicated above, this spigot can
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20 No GB 91/02147. Preferably, the first menber is a substantially planar
nmertber and the channel (s), fluid inlet(s) and fluid outlet(s) are forned in"’
a face of said first nenber with the |ongitudinal axes of the channel (s)

and of the inlet(s) substantially parallel to the 25 pl ane of said face
and the plane of the outlet aperture substantlally normal to the plane of
the first nenber; and the said sec - a_second generally planar

menber which is preferably of subs Wééhlﬁh%ﬁ\sté& ama pl an shape and si ze

as the firstwosatai7 30 contec tAargseskme2020 ui d
- conduits of said first nenber to t device is preferably
provi ded by |l ocating one or nore of the fl uig i nl et(s) at an edge of the
first or second nmenbers and providi ng nmeans by which the first and/or

second nmenbers can be mechan caII ne he flo e ating 35
device, for exanple 15" B&T™ 3}3‘?}5 ?+e| n‘f"osef‘ﬁ"\é%ﬂ% 'PH{ outlet of the
fl ow generating devi%®. beAeaw:eﬁévlﬂvéhlyd plenpthpenfiem ehipe s @ayptedh om iR/ ded whi ch

IS secured to a secOdpfode@daceObs ehe hizst mémded to shatOtarrying the second member.
However, the first member could be formed with the spigot. formed
o 5 integrally therewith, for example as a metal or other tubular
projection from the second face of the member.
' Embodiments of the invention will also be described

hereinafter where a third member carries the spigot protruding

therefrom.
10 A single fluid inlet chamber in the first member typically

receives all the fluid fed to the nozzle assembly and distributes it
to the fluid outlet(s}. If desired, the fluid inlet cﬁamber can be
elongated in one or more directions to assist uniform flow of the
fluid to the fluid outlets. For convenience, the invention will be
15 described hereinafter in terms of a single generally circular inlet
chamber. '
The inlet feeds fluid via one or more conduits to the fluid
! outlet{s). As stated above, these conduits are formed by etching,
engraving or otherwise forming suitable channels in the face of the
20 first member, for example by inserting fine wires or ablatable
material filaments into the interface between the first and second
nembers so as to form depressions in the opposed faces of the
members and then removing or burning away the wires or filaments to
form the channels and outlets. The channels will typically have a
25 generally squafed cross-section since they afe in general formed by
the removal of material uniformly across the whole width of the
channel. .
As stated above, it is particularly preferred than the
channels have one or more portions which are narrower than the
30 aperture of the fluid outlet so that these portions act as filters
to prevent solid particles which might block the fluid outlets from
reaching the outlet in a manner similar to the fine bore pdssages
described in PCT Application No GB 91/02147. _Such a fine bore
portion of the conduit preferably has cross-sectional dimensions
35  which are from 10 to 80% of those of the fluid outlet. It is also
preferred that the fine bore portion of the channel cause a pressure
drop'of from at least 0.5 bar in the flow of fluid through the
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6 the second nenber and which is provided with a fluid conduit adapted to
be *put i-a fluid flow communication with the nmeans for generating the fluid
flow. For exanple, the third nmenber can carry a spigot which is a push or
other fit in the outlet to a punp nechanismof. 5 the type described in
PCT Application No GB91/00433 and which has a bore which comunicates with
the fluid inlet(s) in the first nenber. The bore of the spigot can act as
the cylinder of the punp mechani sm i n=stt :-:._._e\._______=__li e assenbly in
accor dance vvitth}g/ imwention can 10 || THes@HERT PRsiEEENEY as_a | am nat ed
unitary constructi 579% om conmponent s |ch REPLACER] the appPoFR%eeoze
channels. inlets and outlets pre-fornmet *, chem cal etching,
phot o-resi st or other surface engraving techni d&es wel | known in the mcro-
forming art to achieve sinple but accurately reproducible conponents 15

having substantially flﬁrtﬁemsmagch&%ﬁo thJ@a@en&mms%&le@@mhemsecured

toget her by diffusion bon e
suitabl e techni ques fOI’ Sgératgdl 0 ﬁj‘xg& ?fdm t g\anngl durmqrrgetrgctzon o£‘ athump

optional ly with seal i ngtechangsn Wd&tﬁﬁen&‘%ﬁ%&w r?Fé'llF’é’cW‘Efét%éﬁz’tlﬁe
menbers by sinpl e assendsksabiecfrefprady, 2R pressure drop is ke atndoumdsmqeiredits h a

further aspect of the ifnuamti@burnifi6F 8¢ fluid and air from the nozzle to the flow
generating device and yet does not deleteriocusly affect free flow of
the pressurised fluid through the channels and the fluid outlet(s).
The optimum flow restriction can readily be determined for any given
case, but will ususally aghieve a pressure drop of from 1 to 3 bar or

10 more.

Whilst the channels may communicate directly with a fluid
outlet, it is preferred that the narrow bore portions of the
channels be located between the fluid inlet and a plenum chamber
which feeds fluid to the fluid outlets. Such a plenum chamber aids

15  uniform distribution of the flow of the fluid to the outlets where
more than one outlet is used, for example where two outlets are used
to form two jets of fluid which. impinge upon ‘one. another. _The
plenum chamber may also be configured so as to assist the formation
of secondary flow in the fluid as it flows to the outlet(s), for

20 example by incorporating curves or other wall configurations for
causing swirling in the fluid flow.

The nozzle assembly finds use on a wide range of fluid flow
generating devices, such as pressurised gas or aerosol type
dispensers in which fluid is caused to flow out of a container by

25 the expansion of a propellant gas. However, the nozzle assembly is
of especial application in forming a spray from a flow of fluid
generated by a manually operated pump mechanism, thl_xs avoiding the
use of a propellant gas. The pump mechanism may be of the type
described in PCT Application NO GB 91/00433. The nozzle assemi:ly is -

30 mounted by any suitable means upon the outlet from the pressure™
chamber of the pump, for example by a screw, bayonet, push or other
fit, and receives the metered dose of the fluid when the spring or
other energy source is released and the pressure within the pressure
chamber rises. Other forms of fluid flow generator may also be

35 used, provided that they can achieve the required pressure rise ts
discharge the fluid through the fluid outlet(s) as a spray with the

desired mass median droplet size.
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I's provided a nozzle assenbly conprising: a. a first nmenber, which

I ss preferably substantially planar, having one or nore fluid inlet(s)
formed therein, one or nore fluid outlet(s) formed at an edge of the said
first 25 menber and preferably al so one or nore channels forned
inafirst face of said first menmber substantially parallel to the plane of
said face, the channel (s) connecti §s) with the fluid :
outlet(s) in fluid fl ow comuni cat|| crpQBHERT efASBREN ll ncor porati ng one or
more 30 WO 94/67607 narrow bore pojfti oNRBWIACEDAr e adlaPEHEBIH0292e as

filters and one way val ves; b. - which is preferably
substantially planar and of substantially the sane plan shape and size as

the said first nenber, |ocated upon said first.face of said 35

first nenber and co-oper a£| P’?’ “Sé:a o%le'dthel ‘r:hst eqentggerrtu?d Qn]tegl ggrso and/or to

define with the said chanfie
d the f1u1 outlets are all formed in one face of

condui t (s) for. conféep ffanber
the first member, although the fluid inlet can extend through the

thickness of the first member to communicate with the fluid flow

5 generating means. Such a design readily lends itself to fabrication
by selectively removing the necessary material from the required
areas of the surface of the first member by etching or engraving

techniques which can be accurately controlled to form the very f{ine

features required for the present invention. - Such techniques are

10 known and used in the formation of channels and nozzle outlets in

the manufacture of ink jet printer heads, see for example US Patent
- 4915718 and European Application No 0397441, and in general comprise
the application of a mask to a photo-resist or chemically etchable
material; sensitizing the material and removing the material in the

15 required areas by application of a suitable etching material.
Alternatively, the channels can be formed by burning away the
material using a laser or by striking an arc between the member and
an electrode. Other methods for forming the features on the surface
of the first member may be used, for example milling or fine

20 engraving of silicon, ceramic or metal plates.

Such techniques can be used to remove accurately controlled
amounts of material from accurately defined selective areas of the
surface of the first member to form, within reason, any desirgd
shape of channel, fluid outlet or other feature. Such techniques

25 are especially applicable to planar surfaces and it is therefore
preferred that the surface of the first member in which the features
are to be formed is substantially flat. However, they may also be
applied to curved or irregular surfaces so that the surface of the
first member need not be flat if desired. '

30 The components of the nozzle assembly for use in the
present invention thus readily lend themselves to manufacture by
such techniques from a wide range of materials wh;ch are
conventionally used in' such techﬂiques. for example photo-resist
plastic, silicon, ceramics, metals. Such materials can be produced

35 to a high degree of accuracy and -are often strong enough to resist
the stresses due to the high pressure rises imposed upon the nozzle
assemblies without the need for supporting framework or other ‘
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said fluid inlet(s) with said fluid outlet(s) in fluid fl ow comuni cati on;
and'c. means for connecting the fluid inlet(s) of said first nenber
in fluid fl ow comruni cation with a neans for 5 generating the
fluid flow. Preferably, the fluid inlets, the fluid outlets and the
connecting channels are forned wholly in the first face of the first nenber

and the second nenber is a cover menber ”fi rst face to
provide the wall form ng the conduits. 8HEET haSIEEEN iéecond menber can

be provided wt r all of the conpecti rRERLNGED t s, e second
menber is provi‘ggg@\?\h‘)ﬁ t he channel s a ';ﬁ%ﬁ%«g}sog?zﬂe
closing wall for those channels. Simlarly, the second nenber can be
provided with part of the inlets and/or outl et $3f ormed therein. For
exanple, the first and second 15 nenbers can have mirror image hal ves of
the inlets, outlets. andstzadtdidst S Ferthernbrel hRiRPHBSRATEAGEN at RERES, Waer eby
securing themtoget her fQiis.dlf Sk af il WeiSy b0 ULLELE B |
conduits. For conveni ence t%_e invention W1l be descri ed herel natter in
terms of a first member®™ MR E2aling engageient-o Jhus, Bitabosilifqpeon FRrafic.

outl ets and channel s f ortates ¢an nepdily jbe donded tosathen bibpregpitetweddisgopdd nenber

~has a substantially g adiffustsh vdaling o whiel @S ifterface of a suitable metal, for
example gold, is located between the opposed faces of the member and
bonding caused by the application of heat and pressure. Such
diffusion bonding has the advantage that little distortion of the
shape of the channels and other features in~the face of the first

10 nmember is caused, thus preserving the accuracy of the features once

formed.

Alternatively, the first and second members of the nozzle
assembly can be secured in position by the use of adhesives,
conventional ultra-sonic or other welding techniques or by

. 15  nmechanically clamping the components together. If desired, sealing
rings or gaskets can be located between the opposing faces to ensure
a fluid tight seal. However, where the faces of the members are
sufficiently flat, this will usually not be necessary and the
adhesive or metal diffusion interface between the opposed faces will
20 ensure an adequate seal.

If desired, the assembled nozzle assembly can be located
within a supporting housing or the like to impart the necessary
.strength to the assembly to withstand the high pressures generated
by the devices of our PCT Application No GB91/00433.

25 : In particular, the nozzle assemblies according to the
invention are prefersbly manufactured by means of the following

steps:
- structuring a batch of base plates with grooves;
- joinizig the base plates and cover plates; and
30 - separating the individual nozzle assemblies. s
The grooved finish is preferably produced simultanecusly
for a plurality of nozzle assemblies over-a large surface area ip a
parallel manufacturing process, and then the base and cover plates °
are joined in one step (i.e. a batch process). Thereafter, the
35 composite structure is divided into individual_tiles or chips, and
the inlet and outlet openings of the nozzle assemblies are opened

up.
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wall to conplete the inlets, outlets and conduits. The fluid outlet(s) act
as;the spray generating neans of the nozzle assenbly. These can therefore
be sinple fine bore 25 orifices which can have rough, polygonal or other
cross-sections or edges, as described in PCT Application No GB 91/02145, to
forma spray of droplets froma stre Fd—passrng t hrough the outl et
aperture. Thus, the aperture can ha m‘$FH&$‘%ﬁqi§6]BEEé‘huared or other t
regular or ir pol ygonal shapel prefri avi ng .15 mumto
m %I mum apertﬁ?gwgﬁr&ny on of from lt&d——10] i p%&%ﬁ?@ﬂ perture
can be rough, as when the aperture is forned by an el ectro-sputter erosion
techni que in which material is renoved fromtie first menber by striking an
arc between the nenber and ‘an el ectrode. However, it is preferred that the
aperture have a sharp 35 Imgretherspéaanuuannﬂgéscmmhﬁnf leyte Cosf dami¥ a6ttdelgES

direction sharply to mmﬁ&emm@ac@&emﬁa% Lilomwlé Eessm'e%t,rrgmof the

fluid flow Typically F&g&.g&lﬁ&han&neﬁtnpaq‘ 5 W ekg:tcfx %pe \{:Mart:.cu arly%gtlaa\{a?'l ec? twhitcg at

| east THI' S SHEET
could only be produced using serial processing methods at
5 considerably greater expense. The batch manufacture secondly
guarantees a specific constant quality for all parts which can be
reproduced repeatedly under the same processing conditions, a
quality which is never subject to gradual change, as would be the
case in serial processing methods due to wear of the worktool(s).
10 - Also, the position and placement of the parts in the
process are deterﬁined likewise by the overall design, and does not
therefore have to be altered by time-consuming sortiﬁg- or handliﬁg
machines.
Thus, the present invention relates to new, highly
15 effective nozzle assemblies and methods which can be used to produce
large numbers of .these nozzle assemblies so that they are of
constant high quality; in addition, a filter - possibly a multi-
staged filter - can be integrated in the nozzle assembly.
The materials and methods which can be used according to
20 the invention produce nozzles which excel through a number of
advantages: '
- high mechanical stability;
- a high degree of resistance to chemical influences
(e.g. agueous medicine solutions, acids);
25 - low surface roughness of the grooves;
=~ low influence of larger pressure- and temperature differences;
- valve function of the nozzle members filled with fluid with lower
pressures.
The nozzle assemblies according to the invention can be
30 very small in size, so that the dead volume is very small, and
therefore when the nozzle members are.used in the therapeutic domain
(production of inhalation aerosols) the dead volume accounts for
only a small fraction of the quantity of fluid to be diffused.
Surprisingly, the provision of shallow grooves means that
35 no problems result with transportation of the fluid, despite the
fact that small flow cross-seétions are likely to give problems with

the boundary layers.
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5% preferably from10 to 30% of the total flow changing direction through
90[-err] ..»Preferably. the change in direction occurs sharply. notably wthin
~an axial distance of less than five, preferably |less than one, dianmeters of
the width of the flow. Such change in 5 direction, or secondary .flow, can
al so be achieved by fornming the aperture with an axially inwardly directed
lip as opposed to an externally directed lip _for—exaspl-e where the
aperture diverges along the line of f %ég%ﬁ@Agmml | ateral triangul ar
pl an shape with %y ﬁﬁ directed ag iagended line of flow of the
10 fluid through the aperture. At annel ECVER /00 sect
within the plan area of the first nmenber to forma turbulent flowin a :
single channel leading to the fluid outlet apertlare | ocated at the edge of
the first nmenber. Alternatively, the change in direction can be caused by
15 formng a flap or partial n&ébﬁJz!’ziécﬁdsmu}thdﬂe 1ARBE{HtBubaeRPY at | east
part of the flow of flui ?Hf{i%a'%@sf Gn R Aok Qtr u§ J&ﬁngﬂzet&a%bﬁ{‘arp

change in direction by t gopstruct on. ructlon
acts on from10 to 80% d‘P“st“ﬂ’é‘gé‘faF’é‘Ef’?sv‘éf &9“8%":?"%%&% ‘6‘?1“"0?"* FoPRAREN ey

fornms of secondary fl owngénespaeduciblarte adkighrdelred of(Qrccuragy P@Twiﬂp\plcwcaeqdm No
GB 91/ 02145 and the $ubjpecdsséiBiddeto Pdrmithanoaplasssabliyon i s i ncor porated

herein b y this reference. The invention also provides a method for producing a nozzle

assembly for use in a spray generating device of the invention,
wherein the fluid outlet(s), the fluid inlet(s) and the connecting
channels are formed in the face of the first member by selectively

10 removing material from that face; and securing a second member upon
the said first member whereby the face of said second member opposed
to said first member co-operates with the said fluid outlet(s),
fluid inlet{s) and said channels to form the fluid flow paths for
said nozzle assembly. '

15 DESCRIPTION OF THE DRAWINGS:

' The invention will be described in more detail hereinafter,
by way of example only, in terms of a number of exemplary
embodiments with reference to the accompanying drawings, in which.

Figure 1 is a schematic perspectlve view of a preferred

20 embodiment of a nozzle assembly in accordance with the invention and
Figure 1A is a detail of a possible variant of a nozzle outlet for
the assembly of Figure 1;

Figure 2 is a schematic plan view of part of a second
preferred embodiment of a nozzle assembly in accordance with the

25 invention, Figures 2A and 2B relating to details thereof’;

Figure 3 is a schematic plan view of part of a third
preferred embodiment of & nozzle assembly in accordance with the
invention employing twin nozzle outlets, Figures 3A and 3B relating

. to details of that nozzle assembly;

30 . Figures 4, 8A, Figures 5, 5A, Figures 6, 6A and Figureg 7,
7A relate to specific examples of twin nozzle outlets for a nozzle
assembly in accordance with the invention;

Figure 8A relates to a detail of a nozzle assembly
comprising a plurality of nozzle outlets; '

35 Figure 9 relates to a detail of a nozzle assembly ewploying
a nozzle outlet with an.impinging element;

Figure 10 and Figures 11A, 11B, and 11C relate to
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Where the fluid outlet is formed so as to generate the spray by neans of

t he, secppdary flow caused by the shape and configuration of the outlet, we
have found that satisfactory sprays 25 can be produced with fl ow
generating devices which generate a pressure |ow as 25 bar where
conparatively large droplets are required, for exanple from30 to 150

m cronmetres mass nedi an dropl et si ze. _However—wemrm groplets with a nass
medi an size of |ess than about 20 ﬁﬁ@gﬁEEEﬁA&ﬁ?a%Juired,lt will usually
be necessary i) afhrso7use a flow ge eratlmgBmPéiﬂ lch gerecsYsAR020
pressure of at Ieast 50 bar, typi calkdy=36€ pbar. The dropl et size
will also be. affected by the nozzl e aperture g ze. Thus, in general we have
found that it is desirable to use apertures wth nmaxi mumtransverse

di rensi ons of |ess than 500 35 mcronetres, for exanple 50 micronetres or
| ess. Were fine dropletrnasivedesigsfps aaroezliegz!fﬂlﬁtefer uph dn [RaBAZRFNESEPRAS ver se
aperture di mension is ipretaaait withees dnbawiodd nicrometres. Such dinensions
corr espond to cross-sect I g@l & 542 smemiﬂfig'ghéx $1@w %t‘ﬁﬂ@u of @ nodflet 0 500,

square mcronmetres . r
d \{a\gseemt?lycg accordmgavxth grf%rthezg lé'l!:bgggnént hfe u%D?JVL,&LQ&,S' ze

5 Figure 13 is a schematic plan view of yet a further

alternative embodiment of a nozzle assembly in accordance with the

invention;
Figures 14, 15, 16, 17, 18 and 19 relate to yet further

examples of nozzle outlet designs for a nozzle assembly in
10 accordance with the invention; and

Figure 20 represents various stages in the mgnufhcture of a
nozzle assembly in accordance with the invention.
DESCRIPTION OF THE PREFERRED EMBODIMENT:

Figure 1 is a schematic exploded perspective view from
above of an example of a nozzle assembly 10, or of part thereof, in
accordance with the invention.

Figure 1 shows a base plate 11 and a cover plate 12, which

5 has been lifted off the base plate 11 for illustrative purposes. In
use, with the cover mounted on the base plate 11, fluid is passed
under pressure through a filter 13 at an intake side 16 of the
nozzle assembly 10, which filter is composed of a number of mutually
parallel narrow grooves 17, the cross-section of éach groove 17 of

10 which should be less than the cross-séction of a nozzle outlet 1.
From the filﬁer 13, the fluid passes under pressure into the
channels 15, from where it is expelled through the nozzle outlet 14,

Figure la shows a variant of the grooved plate 11, in which

the nozzle 1B' is bent, and instead of two channels 15 which extend
15 at an obtuse angle relative to each other as in Figure 1, a series
of parallel channels 15' is provided.

Figure 2 shows another version of a nozzle assembly 20 in
accordance with the invention. This drawing shows a view from above
onto a grooved plate 21, where - as seen from the intake side 16 - a

20 coarser filter 23 with grooves 27 is followed by a finer filter 28,
which is shown in a cut-out sectional drawing on a larger scale in
Figure 2a. The filter 28 communicates with the nozzle outlet 24 via
channels 25. The right angies disposed between the channels support
the cover plate (not shown) and reinforce its connection to the

I
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can be to 100 m cronetres maxi num transverse di mension. As indicated above,
t he* desited spray can also be forned by 5 causing two or nore jets of
fluid to inpinge upon one another or for a single jet to inpinge on a fixed
inmpinger. In this case it is not necessary that the nozzle aperture cause
any significant amount of secondary flow and a snooth |ipped substantially
circular, squared or rectangul ar aperture can be used rder to produce
an 10 acceptable jet, it is preferred ting device

whi ch generates g%igﬂﬁg ressure of from ﬁnﬁmperture W th
a maxi num tfansv .drnension of from5 .

i npinging jets are used, it is preferred
jets include an angle of from60 to 15 150[err{7 preferably about 90 to
120[err], at the point of inpact and that the inpact occur from25 to 500,
eg. from30 to 100, nicrggﬁk&eghhgqgrthe pl ane of the edge of the first

menber at which the fl ui tlets, are t trlkes
a fixed inpinger, it is preferred h F“ aetgat ocapt e"éfe fot JtnaIVifm mnﬁa

flight of the 20 jet af“Hepbiie %%ﬂeoir“e“ﬂ‘l’@ j e tndoRgPere ft’tﬁ"“ﬁ‘i‘%&lé"'??ﬁe"r nt o
separate dropl ets, typicabdcprd emshe praducéd0 the oeziest # @se donmhster arfilel t he
fluid outlet and that st haisedtfoas erotuh hezAleponrgess (e 360 kGpicOrigha 3) AR Of
fli ght of the Jet sot haErJVE'@EdI. qgﬁg@ﬂ?ég' %:ox%.ecﬁ oP't_Eﬁ;@ld}Q nﬁ%es can give good

atomization results because the fluid jets are split into the finest

droplets when they collide.
Figure 3 shows part of a-nozzle 'éssemb_ly 30 in which the

10 two-stage filter 37, 38 and the five parallel channels 35 generally
correspond to the filter 27, 28 and channels 25 of the embodiment
shown in Figures 2/2a. The nozzle outlet 25 according to Figure 2
is, however, replaced here by the twin nozzle outlet 39a/39b. As
can be seen from the enlarged drawing in Figure 3b, the twin nozzle

15 outlets 39a/39b direct two jets at an angle of 90° relative to each
other. Due to the collision of the jets, particularly good
atomization is obtained. The. twin nozzle outlets can be modified in
various ways. Thus, both jets can, if so desired, be oriented
towards each other at a more acute angle or -at a more obtuse angle

20 (about 20° to 160°, preferably 60° to 150° and more preferably 90° to
.120°). In addition the cross-section of the nozzle outlets can be
selected differently; for example the strong tapering of the outlets
39a/39b in Figures 3, 3a, may be dispensed with. As illustrated in
Figures 3b, it is desirable for the jets to impinge a slight

25 distance away from the nozzle outlets. Smaller orientation _
deviations do not then result in incomplete collision of the jets on
one another. The edges of the structure may be bevelled where long
term use of the channel plate might cause breakages to the edges
which could cause the filter or nozzle to become blocked. -

30 Figures 4, 5, 6 and 7 represent plan views of alternative '
configurations of a twin nozzle outlet. Each of these Figures shows
the nozzle outlet region only of one plhte of a nozzle assembly.

For illustrative purposes, a filter arrangement and the channels for
the passage of fluid from the filter arrangement are not shown in

35 Figures 4 to 7. The filter arrangement and-channels may be
configured either as shown in Figure 1, or in Figures 2/3, or
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does not retain a significant anount of fluid thereon. A suitable 25 form
of . such, a self cleaning inpinger is described in PCT Application No GB

92/ 0668. Enbodi nents of the invention are described hereinafter in terns of
the use of two fluid outlets to formtwin jets of fluid which inpinge upon
one another to forma spray of droplets. .30 . The fluid outlets
are fed with fluid under pressure ffjofyshaddtuiss BEew ’generatl ng neans via
the fluid inlet and the conduits foifined |npr@ctmrst nber. The fluid
inlet i s conYEWM®Yy provided by a RRETBIAABRA chanber
in the first nmenber which is in direct fluid flom1connun|cat|on with the
flow 35 generating device via inlets at tie edge of the first menber or
via a spigot or other means by which the nozzle-assenbly is nounted on the
. flow generating deviGene gusehile Giahree. abﬁvﬁadehmr&ssmp%tent@a'}aﬂ%s Sheet Has

" Been Repl aced TH_S SHEET, S_BEEN fQr he chani sm of
t he f | ow gener at | ng aetgfnée % grooved piLS:e ﬂ wr}.]tlp%ﬁe port:.ons nop %egfe

representing the grooved or recessed areas. _
Figures 3A, B5A, 6A and 7A represent enlarged views of the
B 5 nozzle outlet area of the grooved plates 314, 315, 316 and 317
shown, respectively, in Figures 4, 5, 6 and 7. The dimensions shown
in Figures 4/8A, 5/5A, 6/6A and 7/7A are in millimetres. The depth
of the grooved (i.e. non-cross hatched) portions is 0.005mm below

that of the hatched arees in those drawings.
10 In Figure 4A, each nozzle outlet portio;u has a length of

0.04mm and a constant breadth of 0.008mm. As stated before, the

depth of the nézzle outlet is 0.00Shm. The central island 391 has a

radius of 0.1122mm. The nozzle outlets are arranged so that the

fluid jets exit the nozzle outlets at 90° with respect to each other
15 and collide at 0.025mm from the outlet surface 398 of the nozzle

assembly.
In Figure 5A, the outlet nozzles are shown to have a length

of 0.08mm with a constant width of 0.008mm, and a depth, as before,
of 0.005mm. The nozzle outlets are configured so that the fluid

20 jets exit at 90° with respect to each other and collide at a
d:.stance of O. 0025mm from the outlet surface 398 of the nozzle
assembly.

In Figure 6A, the nozzles have the same configuration as in
Figure 5A. However, in Figure 6A, the island portion 392 ié_

25 configured differently from the island portion 391. It will be seen
that the inner surfacé of the island portion 391 and also the imner
surface of the outer wall i'egions 393 are configured to have a
concave radius of curvature of 0.2mm.

In the arrangement shown in Figure 7A. the outer wall and

30 island portions are configured similarly to those in Figure 6A.
Also, the overall nozzle outlet configuration is similar to that in
Figure 6A, with the exception that the nozzle outlets are arranged
to be slightly tapered, having a width of 0.007n.m at the inner end
and a width of 0.008mm at the outer end. This configuration is

35 intended to facilitate the removal of particles through the nozzle
should such particles pass the filters shown in Figures 2/3 and
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can be carried by a third planar nenber which is nounted on the opposed
face of the first menber to that carrying the second nember. However, the
first nmenber could be formed with the spigot forned 5 integrally
therewith, for exanple as a netal or other tubular projection fromthe
second face of the nenber. Enbodi nents of the invention will also be

descri bed hereinafter where a third nenber carries the spigot protruding

t herefrom 10 A single fl{m nret_coanper_Tip the first nmenber
typically receives all the fluid fed|tb"t r?é*ﬁr'r‘fé B'é%'s‘erbly and distributes
it to the flui dwoullosdegs). |f desirefl_thelf nl et ifhanfey g

el ongated in one or nore directions to assi st unlforn1f ow of the fluid to
the fluid outlets. For convenience, the inventj &n will be 15 descri bed
hereinafter in terns of a single generally circular inlet chamber. The
inlet feeds fluid via one or nore conduits to the fluid outlet(s). "

stat ed above, these corrdeshtandameerf thenmezle\oublet IHongjone A%adlfThg or ot hervm se
form ng suitable channels in #if3erel BGRuOTthe RE2228 outibt kEfioHBANA & nble xanpl e

by inserting fine w regs&&b%bic@{@mgetmeem@,lu% L téix'az&aet&wtpms;face

bet ween the first and seq&p ers so ‘as ressions I n
are oriented in such a way t at the ets which issue

opposed faces -of the

5 therefrom meet at a point. This can avoid a situation where the
other jets no longer collide if one of the nozzles becomes blocked.
In Figure 9, an impact element 43 is provided in the mouth 44 of a
nozzle outlet 45, which widens toward§ the o_utside. Similarly, in

Figure 10, a vortex-generating structure 46 is fitted into a nozzle

10 outlet which promotes a greater vortex formation of the issuing
fluid. Figures 1la to 1llc also show a section of the nozzle
assembly in the region of the nozzle outlet, wherein various
geometric shapes for the nozzle outlets are illustrated at 48a, 48b
and 48c.

15 To improve the atomization, the nozzle outlet can also be
designed in such a way that it is somewhat longer and is provided
with a region of reduced thickness, into which region an air channel
or air channels open so that - as with a water-jet pump - air is
carried into the jet of fluid.

20 It has been found that a favourable droplet, or particle
size, is typically obtained if the narrowest cross-sectional surface
areﬁ of .the nozzle outlet, or outlets, is between about 25 and 500
pn®., When t.;he grooves in the base plate are, for example, 5 ym in
depth, it is possible for the nozzles to be kept to a comparable

25 width and typically fheir width-/breadth ratio is between about 1
:1and 1 : 20. Relationships outside these regions are also
possible. The skilled person can, if necessary, optimize the
sppropriate nozzle cutlet dimensions by carrying out tests as the
characteristics of the fluid to be sprayed, as the surface tension . e

30 and the viscosity are also relevant to a certain degree. The -
specific characteristics of the fluid to be sprayed need to be
considered in particular when that fluid includes an organic solvent
or an oil rather than a watery fluid, o_f' the type for which the
present device is primarily, but not exclusively, intended.

35 -To exclude the p;ssibility of blockage of the filters, even
over long-term use, the filter (6) can also be designed so that it
is of zig-zag, meander-like or arcuate configuration. Thus, a
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menbers and then renoving or burning away the wires or filaments to form
the channels and outlets. The channels will typically have a 25 general ly
squared cross-section since they are in general fornmed by the renoval of
material uniformy across the whole width of the channel. As stated above,
it is particularly preferred than the channel s have one or nore portions
whi ch are narrower than the 30 aperture of fluid outtet so that these
portions act as filters to pr ;EHF=§6;éf Pardden §S whi ch m ght bl ock the

fluid outl reaching t Tou PH r simlar to the fine bore
passages ‘&é’i’?’f"@@p in PCT Appl|cati SHERB y147. PRIGE930302he bhore

portion of the condui t pr ef er abl'y has CTBEE—sectlonal di nensi ons 35 whi ch
are from 10 to 80% of those of the fluid2eutlet. It is also preferred that
the fine bore portion of the channel cause a pressure drop of from at | east

0.5 bar in the f'g}@stgﬁ nt..lmumftéag gggagsases (of Jcansegrttgi% QJ ridi€a.CgNNel so

that the narrom/b org on vgt dr awal Iron1the channel
esz.red. inste a8 one- or two stage filter it

during retractloﬁ
is possible for three-staged filters to be provided with

respectively narrower through passages. In each case, however, it

5 must be ensured that a sufficiently high pressure is available at

the nozzle despite the reduction of pressure in the filter system.
The cross~sectional shape of the nozzle outlet or the sum _

w11

of the cross-sections of the nozzle outlet can be varied within’
further boundaries. At a given pressure, the cross-section of a

10 slitted nozzle outlet can be considerably greater than the cross-
section of a square or round nozzle outlet, without the droplet
spectra beiné impaired. The cross-section of the nozzle outlets or
the sum of the cross-sections is usually between 5 and 2000 pm?,
preferably between 20 and 1000 pm® and in particular between 25 and

15 500 pm®. This also applies when two or more parallely orientated
nozzle outlets are provided.

When, also, in particular in the case of very narrow or
very flat nozzle openings, surface edge effects play a large role,
the skilled persén' needs to take account of the knowledgz of the

20 physics concerning hydraulic cross-section in the determination of
the arrangement of the nozzle outlets and the choice of the
dimensions therefor.

Figure 12 is a schematic representation of part of another
nozzle assembly in accordance with the invention. Figure 12

25 represents a pJ:an view of a base plate 50 in which channels are
formed. An inlet 52;-which extends perpendicularly to the plane of
the base plate 50, opens into a chamber 54. The chamber is
connected via one or more filter stages 56 to twin nozzle outlets
58a and 58b. The provisional of .the pefpendicularly extending inlet

‘30 enables a compact construction of the nozzle and/or nozzle assembly.

Figure 13 shows an exsmple of nozzle assembly 60 with an

-inlet disposed perpendicularly to the connecting surfaces as in
Figure 12. '
. In the nozzle assembly of‘_ Figure 13, a first plate member
~ 35 61 has a first set of two channels 62 in its upper face which
debouch at one edge of the plate. The resultant apertures at the
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mechani smused to generate the flow of fluid through the nozzle assenbly.
Preferabl.y, the pressure drop is the mninmnumrequired to 5+~ prevent return
flowof fluid and air fromthe nozzle to the fl ow generating device and yet
does not deleteriously affect free flow of the pressurised fluid through
the channels and the fluid outlet(s). The optimumflow restriction can
readily be determ ned for any given case, but will usually achieve a
pressure drop of from1l to 3 ba ——nore___wirjjst the channel s may
communi cate directly with a fluifldTo®$REET {4S BEENr Bf erred that the narrow
bore porti gp§edbrsbhe channel s b | oc aPERLACE he f lpdingEoifomio and a

pl enum chanber which feeds fluidto the flurd outlets. Such a plenum
chanmber aids 15 uni formdistribution of e flow of the fluid to the

outl ets where nore than one outlet is used, for exanple where two outlets
are used to formtwo Jets of fluid which inpinge upon one another. The

pl enum chanber may pdateo=dpe fommn fxogfinit] owtdetzswhich, oins thet preprutfezpapdesi on of
Eecondary fl ?w in the i‘drﬂitdo?ﬁp:ﬂnkiﬁg' {aw of ?mih&ngwdlatéb‘a)t 1600¢0 28° toexanpl e
y i ncorporating curves or el .\wa Qnf i.gurati.on C ' wirlin
h theCtTon a1 o Sk g P e My ofQE AEARLIG S herB BB 6B [ | 1O
f1 ow generating devisdadented,gh, this ?ﬂi%'sg‘bﬂ%’é?f ydecest indppdare ol

5 nozzle assembly within which the two jets of fluid can impinge and
form the spray of droplets. The lips of the mouths of the
depressions 62 wfxere they intersect the edge of the plate 61 are
sharply formed and not rounded. The face. of piat.e 61 also carries a
second set of channels 63, which are of smaller cross-section
10 dimensions than the first channels 62. These act as the narrow bore
portions linking a fluid inlet 64 cut through plate 61 with the
first set of channels 62 and serve to filter out solid particles
which might otherwise block the first channels gnd the fluid
outlets. Typically, the second channels 63 each‘ have a cross-
15 sectional area which is approximately 10% or less of the cross-
sectional area of each of the first channels 62, so as to give a ! .
pressure drop of about 10% of the applied pressure from the flow
generating device, for example of from 0.2 to 25 bar, across the
second channels. Typically, the second channels 63 will have at
20 1least one cross-sectional dimension which is about 50% of the
corresponding dimension of the first channels. Since the channels
are typically formed by removing a uniform depth'of‘ material from
the surface of the first plate member, the channels will usually
have a constant depth and variations in the dimensions or aréa of
25 the channels is achieved by varying the width of the channels.
The second set of channels 63 debouch into a plenum chamber
65 cut into the top face of plate 61. If desired, the chamber 65
can be cut through the thickness of plate 61, but it is preferred to
form chamber 65 within the thickness of plate 61 as shown. Chamber
30 65 is preferably configured so that the first channels 62 exit from
opposed corners of the chamber 65 and a septum.66 of the material of
the surface of plate 61 can be retained between the channels 62 to
aid changes in direction of flow of fluid within chamber 65 and to
direct the flow into the first channels 62.
35 - A second plate member 70 is shown overlying ‘but detached
from the first plate member 61. When this second plate 70 is _
0 - secured to the top face of plhte 61 it provides the top faces to the

~ This Sheet Has Been Reﬂlaced

[AE0




di spensers in which fluid |Is caused to flow out of a container by 25 the
expansi on of a propellant gas. However, the nozzle assenbly is of especial
application in formng a spray froma flow of fluid generated by a nmanual ly
operated punp nechanism thus avoiding the use of a propellant gas. The .
punp nechani sm may be of the type described in PCT Application NO GB

91/ 00433. The nozzl e assenbly fs-20-—-——pButed=Hyany suitabl e neans upon

t he outl et fromthe pressure chawec-afT e BrEY || for _exa by a screw,
bayonet, FOSHOBP other fit, anfjl reccisRIAGER net ¢F edpﬁggggg?mfune fluid when
the spring or other energy souree= _the pressure-within the
pressure chanber rises. Qther fornms of f2uid flow generator may al so be 35
used, provided that they can achieve the required pressure rise to

~discharge the fl \thghnbdar GiaHA §360 thadi ey BdrkOuh Bro@s of coRdu@de Wiibih the desired
nmass medi an droplgf ajlezgozzle wIﬂt% élﬁg{hbﬁétggguag%a fl ndi cat ed above, the
a e

channel s, theflwcin enum ¢ |UId outlets are all
formed in one face of A tﬁi plate member 80 is also shown detached and

underlying plate 61. Plate 80 carries a fluid inlet spigot 81 by
o 5 which the nozzle assembly can be mounted on the outlet of a pump or

other fluid flow geﬁerating device (not shbwn). The spigot 81 has
an internal bore 82 which is in register with the inlet 6l in plate
61 and can form part of the pump mechanism of the flow generating
device as indicated above. The exterior of spigot 80 can carry

10 screw thread or other means.(not shown) by which the spigot is
secured to the pump or.other flow generating means.

The plates 61, 70 and 80 can be formed from any suitable
maferial. for example a photo-resist glass, ceramic or plastic or a
metal, and the features in plate 61 formeéd ﬁy removing material from

15 plate 61 in the desired locstions by a conventional chemical etching
process. Alternatively, the features can be formed by removal of
material using a laser. Since the features are formed on the
exterior of a substantially. flat memher, there is no need for
complex machining of components or assembly of sub-components.

20 The pléte members present o&posed substantially flat faces
to one another and can readily be bonded or otherwise secured to one
another using any suitable technique. for example by ultra-sonic
welding, by adhesion or by clamping them together using a metal
surround which is crimped into position.

25 In operation, fluid at pressure is delivered to the bore 82
of spigot 81, from which is flows through inlet chamber 64 in plate
61, through the filter channels 63 to the plenum ;hamber 65 and
thence to the nozzle channels 62. The fluid exits from the two
nozzle channels as jets of fluid which impinge on one another to

30 form a spray of fine droplets. .

By applying the fluid at a pressure of at least 40 bar to
nozzle channels having a mean diameter of about 10 micrometres,
droplets with a mean droplet size of less than 10 micrometres were
produced.

35 The nozzle assembly could be manufactured repeatedly to
close tolerances and samples of the nozzle assembly repeatedly
performed to give the same droplets sized spray.
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the first nenber, although the fluid inlet can extend through the thickness
of “the first nmenber to conmunicate with the fluid flow 5 generati ng
nmeans. Such a design readily lends itself to fabrication by selectively
removi ng the necessary material fromthe required areas of the surface of
the first nenber by etching or engraving techni ques which can be accurately
controlled to formthe very fine features required for the present

i nvention. Such techniques are MU “knowi aﬂﬁ-USEﬁ in the fornation of
channel s angoR@g#pe outlets in the” na"ufac OEBEAN jfink i g E%k 8@% heads,

see for exanple US Patent 49157 : dlcatlon 7441, and
I n general conprise the appllcatlon of a mask t0 a photo-resist or
chenmically etchable material; sénsitizing $he material and renoving the
material in the 15 requi red areas by application of a suitable etching
material. Alternatively, Adiscaekapnelon acmsulae dsPecH P Gnd yrdabktninventamay t he

mterial using a | aaghiadry Bad) bhd bGP oSy RELAESR LN, IR and an

el ectrode. O her orn1ng ures on e surface of the
first menber may bEPWEERS: for exanpl e n1II|ng or fine 20 engraving of
silicon, ceranic op-netal? first @dateSnpth whigk lan¢ derasdican be used to renove
accurately contpol | ed anowuntss st Fedug fof Eharins DiMhAvExpbrat éldythdebr ned sel ecti ve

areas of the surface of tlrggagehrgtmggmgrboma;yorm w thin reason, any
desired _
2: a second group of channels of equal or smaller

size than said first group; and
b. a second plate that sealifigly engages saifd first plate so
10 the surface of said second plate co~operates with the first
group of channels in said first plate to form a first
series of fluid outlets and with said second group of
channels in said first plate to férm a second set of fluid
conduits. having a cross-sectional size equal to or smaller
.15 than the said fluid outlets, whereby when a fluid is passed
. through said second group of channels they act as a filter
to protect the first sst of channels which act, as spray
. forming fluid outlets; and .
c. means of connecting said two sets of channels..
20 - Preferably the nozzle assembly is connected to means for
supplying first set of channels with fluid.

In the alternative forms of plate 61 shown in Figures 14 to
19, the outlet to the channels 62 i is mod:.f:.ed so that the fluid
issues from the outlets as a spray without the need for impingement

25 of two jets of fluid. Thus, in Figure 14 the outlet 74 to channel
62 is formed as a tortuous bend to induce secondary flow as the
fluid exits the channel 62. To achieve a spray of droplets with a
mass median droplet size of about 5 micrometres, the fluid outlet by
channel 62 is from 2 to 15, preferably from 3 to 8, micrometres

30 square in cross-section.

In the alternative form shown in Figure 15, a flap 85 is
formed at the mouth of channel 62 and the edge of plate 61 is cut
away in the area 86 downstream side of the flap. _

In the alternative shown in Figure 16, the channel 62 is

_ 35 formed with a knife edge entry 91 having a gap 93 of from 4 to 30
micrometres and channel 62 diverges from that knife edge entry at an
included angle 94 of from 60 to 150°, preferably from 90 to 120°.

s
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shape of channel, fluid outlet or other feature. Such techniques 25 are
especi all.y applicable to planar surfaces and it is therefore preferred that
the surface of the first menber in which the features are to be formed is

substantially flat. However, they nmay al so be applied to curved or

i rregul ar surfaces so that the surface of the first menber need not be fl at
I f desired. 30 : The conponents of the nozzlie assenbly for use in
‘the present invention thus re'ﬁf“"“*gﬂd“Phpﬂﬁekvps to manufacture by such

t echni S a wide range (f Fr¥BtSHEEAl L nal ly used in
~ such tggﬁ%ﬁ qofgd? for exarrplge Ehot 0- B"é@b&%‘?g‘é?l ep(rc!? %ga)%z@er amycs,
nmetal s. Such materiais can be proguced db::3F6=¥ hi gh degree of accuracy
and are often strong enough to resist tHe stresses due to the high pressure
ri ses inposed upon the nozzle assenblies without the need for supporting
framework or ot feknTRisSrichatl sidas iBeeRrRa7! AL thire eddd f013dERIRddAS BEEN WO
94/ 07607 at the exit to channel 62 at the edgeptliiA plate %? and sufficient

. wall thickness 102 is retained between the edge of the plate and the

plenum chamber 65.to ensure the rigidity and strength of the knife

e 5 edge.
" In the alternative shown in Figure 18, the side walls of

channel 2 are radially indented to provide a series of projections
111, 112 into the flow of fluid through the channel which induce
secondary flow in the fluid as is passes through the mouth 113 of

10 the chamnel. Typically, with a channel having a maximum mouth
crosé-sectional dimension of from 5 to 20 micrometres, the
projections 51 and 52 will be from 3 to 8 micrometres.

| In the modification of the device of Figure'i3 shown in
Figure 19, a septum 120 is formed within the plenum chamber which is
.15 separated from the wall of the chamber to provide two passages 121
and 122 which form two impinging flows 6f fluid in a swirl chamber
123 which @ebouchesiinto a single outlet channel 62 to provide the -
secondary flow to féfm;a spray as the fluid exits the mouth 124 of . .
channel 62. ‘

20 . As indicated sbove, the depth and width of the channels
formed in the first plate depend on the application of the nozzle
assembly. For instance, when the nozzle assembly is used to spray
hair sprays, the total cross-sectional area of the fluid outlet
channels is typically 1500 square micrometres. If a single channel

25 dis used, this will be typically 40 wicrons deep by 40 microns wide.
To achieve the required particle size of typically 40 micron mass
mean diameter qsing such & nozzle assembly, fluid at a pressure of
between 30 and 150 bars is used. '

If the nozzle assembly is used to spray lung deposited

30 drugs for administration by inhalation, then typically the total
cross sectional area of the outlet channel (e.g. 62) will be between
30 and 200 square micrometers. If a single outlet channel (e.g. 62)
is used, this will typically be 10 microns deep by 10 microns wide.
The operating pressure required to achieve a spray with a mass

35 median droplet size of less than 6 micrometres will be between 100

and 400 bars. , _
The nozzle assembly of the invention may be used in other
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structures. Furthernore, being substantially flat nenbers, the first,
second ahd third nenbers can readily be secured to one another in sealing
engagenent. Thus, netal, silicon or ceranic plates can readily be bonded
t oget her by pressure welding or hy 5 di ffusi on bonding in which an
interface of a suitable netal, for exanple gold, is |ocated between the
opposed faces of the nenber and bondi ng caused by the application of heat
and pressure. Such diffusion bonding has the advantage that little
distortion of the shape of the channel-s. and .other-fegtures in-the face of
the first 10 menber. i s caused, thus.;preserviaggade |laccuracy of the

f eat ures oncWOP#HOTREd. Al ternativelly, thedRUADEDAND S¢conBCTIGRI3&026200f t he
nozzl e assenbly can be secured in LesFEFERFDBY—T of adhesi ves,
conventional ultra-sonic or other welding teghniques or by 15
mechani cal |y cl anping the conponents together. |If desired, sealing rings

or gaskets can be | ocated between the _opposing faces to ensure a fluid
ti ght seal. However ,apgaﬁ&?témfsh‘g‘ef%&esg“&?'. %‘ﬁe‘frgﬁﬁé? s IPRIESTr (IR iBHPLS) 11 at,
this will usually nde fisel Aniection systarrdforhintertab spapustien gegines,dihereusi on
I nterface between t heowprosedy hoztss wiuld tydicallebs weel eftherlegruat én Al . | f
desired, the assenblp@ﬂ:en&%&llbfy %§%§I§2'a¥n&§£&~ b@pia‘agqgﬁblies.
5 A method of manufacture of a nozzle assembly in accordance
with aﬁ embodiment of the invention comprising a grooved base plate
and an unstructured cover plate will now be described. It will be
appreciated that the method to be described can Teadily be modified
.__f'_or producing nozzle assemblies where the cover plate is structured
10 instead of or in addition to the base plate and/or where an
intermediate plate is structured.
In particular, in the method to be described, the nozzle
assemblies are manufactured using the.fblloﬁing steps:
- structuring a batch of base plates with grooves;
15 ) -~ Jjoining the batch of base and cover .plates together; and
- separating the individpél nozzle assemblies. -
The base plate is preferably structured in per se known :
manner using a light optical lithographic technique in conjunction
with an ion-supplemented reactive dry etching technique. The
20 heights of the structures are between 2 and 40 um, usually between
about 3 and 20 um, preferably between about 4 and 14 pm and
particuiarly between 5 and 7 um. The material used for the base
plate is preferably a mono-crystalline silicon since this is cheap
and available in a condition (i.e. in wafers) in which it is
25 sufficiently flat aﬁd parallel and of low surface roughness, and it
can be joined to the cover plate without the additional application
of adhesives or other matefials during the subsequent joining
process. In order to produce a plurality of nozzle assemblies in
parallel, a plurality of structure base plates are formed on a wafer
30 of silicon. -
It will be appreciated that materials other than silicon
can undergo structuring, and these can also be firmly joined to the
cover plate in the subsequent joining process. Such materials are
gallium-arsenide or metals such as aluminium or nickel-cobalt-
35 alloys, for exémple. which can likewise be joined properly to a

glass plate.
A thin layer of silicon is thermally oxidised on the

" This Sheet Has Been R]ilii:ed

[ITLT



within a supporting housing or the like to inpart the necessary strength to
the "assehbly to withstand the high pressures generated by the devices of

our PCT Application No G891/00433. 25

In particular, the nozzle

assenblies according to the invention are preferably manufactured by neans
of the followi ng steps: - structuring a batch of base plates with grooves;

- joining the base plates and cover- plates QHQ;

"t he indi vi zIe assenbl i eg] "The FoQ 5
si nul t aneous 1 ‘?or a plurality l nozf&@%gggﬁ '

- separating

"o L ace

area in a paraIIeI manuf act uri ng process, and then the base and cover
plates are joined in one step (i.e. a batc® process). Thereafter, the 35
conposite structure is divided |nto i ndi vidual tiles or chips, and the
inlet and outl et opgthdidse &fe ddter WQEZIuee %S Ebld SSuctifedOPERLEkidd. Thi s
Sheet Has Been ReDllgzggqater E’Lés as a mask when the groove finish is etched. A
light-sensitive plastics layer L2 is then applied over the layer L1
in a centrifuging process, and allowed to solidify (Figure 20B).

e 5 The groove structures are then transferred to and developed in the
plastics layer using optical light by contact copy with a mask M, to
a scale of 1 : 1 (Figure 20C}. In the next step of the procedure,
the plastics structures act as masks for structuring the silicon
oxide layer. The structuring is effected by reactive etching with
10 ion beams. During the structuring of the oxide layer, the plastics

material is completely removed (Figure 20D).

The oxide layer structured in this way then acts as a mask
for etching the grooves, which may be 5 - 7 um in depth, in the
silicon. When this is done, the oxide layer is also slowly removed

15 (Figure 20E).

At the end of the structuring process, U-shaped or

rectangular box-shaped grooves are formed on the silicon plate, but

view.

these grooves can be of any geometric surface shape in the plan

20  With structuring of the base plate, other etching methods

- can be used to achieve a number of variants to give other shapes of
groove which result in end products with nozzles of varying opening
cross~section. Thus, for example, trapezoidal grooves can be
produced by over-etching or under-etching in the appropfiate way.

25 These etched forms can be produced both by isotropic dry etching
methods and by isotropic wet etching methods. If anisotropically
acting etching methods (both with reactive ion plasma and also with
wet chemical media) are used it is possible to produce nozzles of
triangular cross-section from V~shaped grooves in mono-crystalline

30 base plates. The geometric shape of the grooves can also be altered
by combining etch:.ng technigues with coating techniques. Virtually

any geometric shape can be produced.

After structuring, the silicon plate is cleaned and the
rest of the silicon dioxide i_s removed by the wet-chemical method.

35 The silicon plate is then joined (Figure 20F) to a glass plate by
anodic bonding {cf. US. Patent 3,397.278 of 13.8.1968, Pomerantz,

D.I. et al.}
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There are,special advantages with this type of manufacture. The batch
manuf acture first of all makes it possible to produce individual conponent
parts which are particularly cheap, and which could only be produced using
serial processing nethods at 5 consi derably greater expense. The batch
manuf acture secondly guarantees a specific constant quality for all parts
whi ch can be reproduced repeatedly under the sanme processing conditions, a
quality which is never subject t gs woul d be the case in
serial pr, met hods due t d| Wels SEEET HaSBEEN: (o
Al so, théﬁ%ggﬁipgn and pl acenent|| of t IREPLACES i n tte'%?%@?@@”&?e det er ni ned
| i kew se by the overall design, and ' ore have to be altered
by time-consuni ng sorting- or handling n&chi nes. Thus, the present
invention relates to new, highly 15 effective nozzle assenblies and

nmet hods whi ch can be Usﬁdalic&imo%&'!%aiea&fb@s RUGDES §yr‘2fc FeStu QZZ| e _
assenblies so th?,‘r77 J?Xmﬁ(f? orﬁe ons{sghotttgig m&a&l '{c%aanoé}c onéin' % a filter

- possibly a mul
assenbl y. The naf@ifoR &ndmlgssre Thd glasqiimlate %:‘ahhs%d ors &k a{feﬁ“mdng to 20 t he

I nvention produceilngnzplese wid {shcatatkd whthoangleatmdarbdhe @htizelvant ages:
' 5 composite structure is heated to temperatures of between 200 and

500°C {preferably to about 450°C, because up to this temperature the
thermal expansion coefficients are still close to one another and at
the same time the alkali ions are sufficiently mobile for a fast
bonding process) and a negative voltage of about 1000 V is placed

10 between the silicon plate and the glass ﬁiate. Due to this voltage,
the positively charged alkali ions move through the glass to ‘the
cathode, where they are neutralised. At the point of transition
between the glass and the silicon, a negative spacial charge is
formed in the glass which causes electrostatic drawing together of

15 the two surfaces, and also results in a durable chemical bonding
being formed between the glass surface and the silicon surface by

means of oxyger bridging bonds. .
In this connection, it is also particularly advantageous to -
use glass as the cover material for reasons of quality control,
20 _since it is easily possible to visually detect the efficiency of the
bonded connection and also defects or foreign particles which lead
to malfunctions of the component part.
However, other cover materials other than glass can be
used. With high temperature loads it is poséible to optimise the
25 thermal expansion coefficients of the composite member if silicon is
used both for the_base plate and for the cover plate. For the
joining process, a thin glass'iayér is applied to the two plates,
e.g. in an evaporating- or sputtering method, by means of which the
bonding process can then be carried out. In this case, a visual
30 inspection can be made using infra-red viewing apparatus. - S
After the bonding process, the composite structure (see
Figure 20G) is divided into individual units (e.g. squares) by a
fast rotating diamond circular saw, wherein the intake openings and
the outlet openings are opened up. If the cross-sectional surface
35 area is very different at the outlet (as with nozzle-shaped outlet
openings, for example), then the separating cut must be positioned
with. precis:on to a few micrometers in order to obtain a defined
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.- hi gh mechani cal

stability; - a high degree of resistance to chenical

I nfl uenees (e.g.- aqueous nedi ci ne sol utions, acids); 25 - low surface
roughness of the grooves; - low influence of |arger pressure- and
tenperature differences; - valve function of the nozzle nenbers filled with
fluid with | ower pressures. The nozzle assenhlies according to the '

invention can be 30 very smal | _‘ﬂ_ggl e,_,ETs;%g@@gNtihe dead volune is very
z

smal | , anwoweref ore when t he no

dormai n (producti

Surprisingly, the provision of shallow grooves neans that 35
result with transpo
cross-sections af&?
Sheet Has Been Repivapkflow atithe outlet.
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on of inhalation P vol une accounts for
only a small fraction of the quantity ofadluid to be diffused.

{BAPGE, Sheh bt

During the separation stage, particularly high
revolutionary speeds are needed (usually more than 30000 revs/min)
in order to avoid expulsion at the side walls and edges of the
nozzle member. Such expulsion could cause undesirable changes to
the cross-section to the geometric shape of the outlet.

After dividing them up, the nozzle assemblies are cleaned
and are fitted inside appropriate holders.

Although illustrative embodiments of the invention have
been described in detail herein with reference to the accompanying
drawings, it is to be understood that the invention is not limited
to those precise embodiments, and that various changes and
modifications can be effected therein by one skilled in the art
without departing from the spirit and scope of the invention as
defined by the appended claims.

For example, although variocus embodiments of the invention
are described separately herein, it will .be appreciated that
features from the various embodiments may be combined as appropriate

in yet’ further embodiments.

, ite t fact th |1
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The nozzl e assenbly of the invention thus offers a sinpl+f+ed—desi gn which™—
do€'s not*:required expensive and time consuni ng machi ni ng his SRAPPR BdrRepARd
whi ch enabl es conponents to be nmade reproducibly to a high
accuracy and which can readily 5 be assenbled to formthe mgmgn‘lll l“
assenmbly. The invention also provides a nethod for producin
assenbly for use in a spray generatlng deV|ce of the invention, wherein the.
fluid outlet(s), the fluid inlet#s i ng channel's are formed
in the face of the first nember ?HISGSI-@_iﬂN@é,g Il removing material from
that face; and securing a secon nenbl&ﬁpmnt hid first nmenber whereby
t he faceWOP449#808 second nenber s Sate 5t PGREGBR02028- oper at es
with the said fluid outlet(s), fluid inl et(s) and -said channels to formthe
fluid flow paths for said nozzle assenbdy. 15 DESCRI PTI ON OF THE
DRAW NGS: The invention will be described in nore detail hereinafter, by
way of exanple Iin terns of a nunber of exenplary enbodi nents with
reference to th onpanyi ng drawi ngs, in which: Figure 1 is a schematic
"~ perspective view of a preferred 20 enbodi ment of a nozzle assenbly in
accordance withithe i fWankzlorithngeKrgpere ndzxle qudethkefer theof a possi bl e
vari ant of a Nozédu€ss@ibhl @t riudds, consisting of at least two plates which are

5 connected together, possibly by an intermediate layer, wherein at

least & base plate has a grooved structure which connects the intake

side of the nozzle to the nozzle outlet(s).

2. A nozzle ai:cording to Claim 1, comprising one or more
10 filters wherein, if two or more filters are p'resent. the filters

each become finer in the direction of flow.

3. A nozzle according to Claim 1 or Claim 2, comprising the

-grooves are of approximately rectangular cross-section.

15

i 4. A nozzle according to Claims 1, 2 or 3, wherein two or more
nozzle outlets are provided which are oriented in such a way that
the jets issuing from them impinge on one another in the vicinity of
the mouth of the nozzle outlet.

20

B, A nozzle a-r_:t:t_:'rding to Claim 4, wherein the cross-section of

the nozzle 6ut1ets becomes smaller towards their mouth(s).

6. A nozzle according to Claim 4§ or Claim 5, wherein the jets
25 issuing from the nozzle outlets impinge at an angle of approximately
20° to 160°, preferably 60° to 150° and more preferably 90° to 120°.

7. A nozzle according to Claims 4, 5 or 6, a twin nozzle
outlet is provided, wherein the two jets impinge at an angle of
30 approximately 90°.

8. . A nozzle according to one of the preceding claims, wherein

the cross-section at tlie intake side and inside the nozzle assembly

is greater than the cross-section of the nozzle outlet or of the sum
35 of the nozzle outlets.
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the assenbly of Figure 1; Figure 2 is a schematic plan view-of—part of a
second preferred enbodi nent of a nozzle assenbly in accord JQBEQQ{ 5ced
invention, Figures 2A and 2B relating to details thereof; _
schematic plan-view of part of a third preferred embodi nent ﬁ!ﬂ]

assenmbly in accordance with' the_] tw n noz

Figures 3A and 3B relating to dgt t e assenbly; 30

Fi gures 4, 4A Figures 5, 5A F gﬂ‘é?ﬁTﬁﬁ?ﬁl ures 7, 7Arelate to
speci f ivoouemspdl es of twi n nozzl cycasym y in

accordance wth the jnvention; Figure 8A relates to a detail of a nozzle
assenbly conprising a plurality of nozgle outlets; 35 Figure 9
relates to a detail of a nozzle assenbly enploying a nozzI e outlet with an
i mpi nging elenent; Figure 10 and Figures 11A, | 1B, and 1hC relate to This

Sheet Has Beer? Repl ae éxazzle af%ording to one of the preceding claims, wherein
a rebounding element or a vortex-generating structure is provided in

thé nozzle outlet.

5 10, A nozzle according to one of the preceding claims, wherein
at least one of said plates is made of silicon/glass,
silicon/glass/silicon, silicon/silicon, gallium arsenide/glass or
metal/glass.

10 11, A nozzle ac_cc_:rding to one of the preceding claims, wherein
the nozzle outlet has a region of reduced width in accordance with
principle of a water-jet pump, into which region one or more small
channéls opens/open, tflrough which channels. air can be sucked into

the jet of fluid.

15
12, A nozzle according to one of the preceding claims wherein

the inlet is substantially at a right angle to the connecting
surface, is arranged between a base and a cover plate and opens into
a recess which, seen from the direction of flow, is before the

20 filter(s).

13. A nozzle assembly comprising:
a. a first member having formed in a first face thereof one or
more fluid inlet(s) adapted to feed fluid to one or more
25 " fluid outlet(s) located at an edge of the first member, the

outlet(s) being configured so that a spray of droplets is
formed by the fluid outlet(s) from a stream of fluid
flowing through them;
b. a second member secured upon the said first face of the
30 first member and -ad'ajated to co-operate with the first e
member to provide one or more conduits each adapted to
connect a said fluid inlet in fluid flow commgnication with

a said fluid outlet; and

c. means for connecting _said fluid inlet(s) to said means for -
35 ' generating the flow of fluid.
14, A nozzle assembly comprising:

: * c L M S *



alternative designs for a nozzle outlet for use in a nozzle assenhly in
accordante with the invention; Figure 12 is a schematic plan view of part
of a nozzle assenbly in accordance with a further enbodi netws Sheet een Replaced
invention; 5 Figure 13 is a schematic plan view ﬂ IH' }er
alternative enbodi nent of a nozzle assenbly in accordance

I nvention; Figures 14, 15, 16, 17, 18 and 19 relate to yet further exanples
of nozzle outlet designs for a nozzle assenbly in.]0 accordance with the
i nvention; and Figure 20 repres S Vvar, SaSEReRs in the manufacture of a
nozzl e ass %éwb@,accordance wilk RHtSh JSaerty on. DESCRI PTI ON OF THE
PREFERRED NT: Figure 1 i ' ded FSEfCHI30020 e vi ew

from above of an exanple of a nozzle assenbly 10. or of part thereof, in
accordance with the invention. Figure 1 shgins a base plate 11 and a cover

plate 12, which 5 has been lifted off the base plate 11 for illustrative
purposes. In use, wyth the fE%\é% @%&&% &30 &'L%&Qﬁﬁﬁﬂk%&)%&' uid is
atfilter I3 a ake e of the

passed under pressure thrqu t an 1n | 1
nozzl e assembly 10, which ?Tif’ef’"‘? gr Eﬁﬁp&%"‘btfle%‘s%wﬁ?ﬁ?g‘? “Bf""rfgﬁjgﬁ ly
. said first member and one or more channels formed in a )
first face of said first member substantially parallel to
5 the plane of said face, the channel(s) connecting the fluid
inlet(s) with the fiuid outlet(s) in fluid flow
communication and incorporating one or more narrow bore
portions which are adapted to act as filters and one way
valves to the flow of fluid through the said channels;
10 b. a second member located upon said first face of said first
member and co-operating with said first member to define
with the said channel{s) in said first member, conduit(s)
for connecting.,said fluid inlet(s) with said fluid
outlet(s) in fluid flow communication; and
15 c. means for connecting the fluid inlet(s) of said first
member in fluid flow communication with a means for

generating the fluid flow.

15. A nozzle and filter assembly comprising:

20 =a. a first plate into which are formed: .
1: a first group of channels having one end thereof located
at the plate boundary; and
2: a second group of channels of equal or smaller
size than said first group; and

25 b. a second plate that Seglingiy engages said first plate so
the surface of said second plate co-operates with the first
group of channels in said first plate to form a first
series of fluid outlets and with said second group of
channels in said first plate to form & secand set of fluid

30 conduits having a cross-sectional size equal to or spalier
than the said fluid outlets, whereby when a fluid is passed
through said second group of channels they act as a filter
to protect the first set of ‘channels which act as spray
form;ng fluid outlets; and

3% c. means of connecting said two sets of channels.
16. A nozzle assembly as claimed in any one of claims 13 to 15,
-

O



paral I el narrow grooves 17, the cross-section of each groove 17 of 10
whi ¢h shdul d be | ess than the cross-section of a nozzle outlet 14. Fromthe -
filter 13, the fluid passes under pressure into the channem§$ﬁ&}h§B@nR ed
it is expelled through the nozzle outlet 14. Figure |la sho
t he grooved plate 11, in which the nozzle 14" is bent, and
channel s 15 which extend 15 at an obtuse angle relative to eac ot er as
in Figure 1, a series of parallel channels 15' is provi ded. Figure 2 shows
anot her version.of a nozzle asse with the invention.
This draniwgoséweers a.vi ew from ab é”H&$HE%TéEP‘§@f§G‘ \pat/epdilozomhere - as
seen fromthe intake side 16 - a 2 ED lter {23 with grooves 27 is
followed by a finer filter 28, whith 15 $% In a cut-out sectional
drawing on a larger scale in Figure 2a. e filter 28 conmunicates wi.th the
nozzl e outlet 24 via channels 25. The right angl es di sposed between the -
channel s support YReiRdhe flyddptetendie SvddAytiatidadetPRfOMEESPE s connecti on
to the 17 gr ochemhepd atecfehed wholly in the first face of the first member and

the second member is a cover member secured over said first face to

provide the wall forming the conduits.

17. A nozzle assembly as cleimed in any one of claims 13 to 16,
wherein the fluid flow conduits each incorporate one or more narrow
bore portions which are adapted to act as fiiters to protect the
outlet(s} against blockage by solid particles in thé.fluid.
‘10 _
18. A nozzle assembly as claimed in any one'of clains 13 or 17.
wherein the narrow bore portions impose a pressure drop of from 0.2
to 25 bar to the flow of fluid through said narrow bore portions.

15 19, A nozzle assembly as claimed in any one of claims 13 to 18,
wherein the first member is a substantially planar member and the
channel(s), fluid inlet(s) and fluid outlet(s) are formed in a face
of said first member with the longitudinal axes of the channel(s)
and of the inlet(s) substantially parallel to the plane of said face

20 and the plane of the outlet aperture(s) substantially nbrmal to the

plane of the first member.

20. A nozzle assembly as claimed in any one of claims 13 to 19,
wherein the means for connecting the fluid conduits of said first

25 member to a flow generating device is provided by locating one or
more of the fluid inlgt(s) at an edge of the first or second members
and providing means by which the first and/or second members can be
mechanically connected to the flow generating device.

30 21, A nozzle assembly as claimed in any one of claims 13 to 19,
wherein there is provided a third member which is secured to a
second face of either the first or the second member and which is
provided with a fluid conduit adapted ‘to be put in fluid flow
communication with means for generating the fluid flow.

35
22, A nozzle assembly as claimed in any one of claims 13 to 21,

wherein the fluid outlet(s) are configured so as to generate
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It has been found that in the case of individual nozzles outlets |like those
I n ﬁigures 1 and 2, nore favourable droplet spectra can be produced if the -
nozzles 4 are short in the flow 5 direction. If twin nozzles outlets

(see for exanple Figure 3) are provided, |onger (e.g. com(ﬁﬂsﬁwa a“d
'nozzl es can give good atom zation results because the f|UId Jﬂ‘

into the ft+nest droplets when they collide. Figure 3 shows
assenbly 30 in which the 10 two-stage filter 37, 38 and the five paraIIeI
channel s 35 generally correspond to the filter 27, 28 and channels 25 of

t he enbodi nent shown in Figures 2/ H—;E?' Zlhe it 25 according to
Figure 2 is, h¥WRB487607r ep| aced here B-y % \Ndh:nozz out PET/GRIIOBDD. As
can be seen fromthe enl arged draw jng_Ln re-—23b e twin nozzle 15

outlets 39a/39b direct two jets at an angle og390[err] relative to each
other. Due to the collision of the jets, particularly good atom zation is
obt ai ned. The twin nozzle out|ets can be nodified in variqus ma s. Thus,

both jets can, if so FESPPEY 62 1BPe tHl sdkarageeseHER et e f i a nore
acute angle or at a nﬂP@ﬂebﬂuse angl e 20 (about 20 to 160[err],
preferably 60[err] to 150 and nore preferably 90[err] to 120). In addition
the cross-section of tzﬁe nOZE'n@zzQé'%@e&ﬁycéncl%eﬁeme&&%ieCHffél%_{n%nh' Yo 2,07
exarrpl e the strong tapg Png tl?ere apee agqteas%ttswo fluid outlets and they are configured

so as to form at least two jets of fluid which impinge one upon the

other.

-

24, A nozzle assembly as claimed in claim 23, wherein the line
10 of flight of the jets is to include an angle of from 60 to i50°.

25. A nozzle assembly as claimed in any one of claims 13 tao 24,
wherein the fluid inlet(s) are in fluid flow communication with a
plenum chamber which is in fluid flow communication with the fluid

15 outlet(s).

26. A spray generating device comprising a nozzle or a nozzle
assembly according to any one of the preceding claims for forming a
spray of droplets from a stream of fluid fed to it by means for

20 generating a flow of fluid.

27. " A method for producing a nozzle or nozzle assembly as

claimed in any one of claims 1 to 25 or for use in a spray

generating device as claimed in élaim 26, wherein the fluid
25 outlet(s), the fluid inlet(s) and the connecting channels are formed

in the face of the first member by selectively removing material

from that face; and securing a second member upon the said first

member whereby the face of said second member opposed to said first -

member co-operates with the said fluid outlet(s), fluid inlet(s) and -
30 said channels to form the fluid flow paths for said nozzle or ndzzle

assembly.

28. A method as claimed in claim 27, wherein said material is
selectively removed by an etching process.
I ' :
2§. A method as claimed in either of claims 27 or 28, wherein
the said second member is secured to said first member by adhesion,
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39a/39b in Figures 3, 3a, may be di spensed with. As iltustrated—in Figures
3b% it 4s desirable for the jets to inpinge a slight 25,. distance '
fromthe nozzle outlets. Smaller orientation deviati onshls M FRIaEed, | ¢
in inconplete collision of the jets on one another. The % H

structure nay be bevelled where long termuse of the cha B t
cause breakages—to the edges which could cause the filter or nozzle to
becone bIocke Elgures 4, 5, 6 and 7 represent plan views of
alternative c r“! “ l“mw “ twin nozzle outlet. Each of these Figures
shows the nozzl et uregi on only gE-one-plate of aHpzzl e assenbly. For
illustrative purposes, .a filter arra gien%rah_arﬁd:tdmex-tdﬁ nels for the
passage of fluid fromthe filter arrpngensmEPiak@Hot sHpwn in 35 Fi gures
4 to 7. The fiyoloarnréonr angenent and- c Hreprrers=TrayDe | QUPGEIGBIY 2020 as
shown in Figure 1, or in Figures 2/3, or This Sheet Has Been Repl aced

TH S SHEET HAS BEEN 18 anot her suitabl e nmannesy The shaded areas
represented raised

welding or diffusion bonding.

30. A method for the production of a nozzle according to claims
1 to 12, wherein the grooved structure is produced by the

e 5 combination of an optical lithcgraphic'method and an ion~
supplemented etching method.

31i. A method for the production of a nozzle according to claims
1 to 12, wherein the grooved structure is produced by the

10 combination of an optical lithographic method and a wet-chemical
etching method.

32. A method for the production of a nozzle according to claims
1 to 12, wherein the grooved structure is produced by the

15 combination of an optical lithographic method and an additive
coating method.

33. A method for the production of a nozzle according to claim§
1 to 12, wherein the two plates are joined together by field-
20 supported bonding (application of an electrostatic field).

34. A method for the production of a nozzle according to claims

1 to 12, wherein a relatively large number of ﬁutually joined

together nozzle members is produced in a slice composed of tiles of
25 appropriate size according to claims 30 to 33, and then separated

into individual portions.

t
35. A method according to claim 34, wherein the separating
operation is effected by sawing with a fast rotating diamond

30 circular saw.

36. A method according to-claim 35, wherein the separaéing
operation is undertaken by slitting and breaking the slice.

35 37. A method for the production of a nozzle according to claims
i1 to 12, wherein grooves are produced in a base plate made of

4 crystalline silicon using a light optical lithographic method in



portions of the grooved plate 21 with the portions not shaded representing

t he “grooYed or recessed areas. Figures 4A, 5A, 6A and 7A represent enlarged
views of the 5 nozzl e outlet area of the grooved plates 314, 315, 316 and
317 shown, respectively, in Figures 4, 5 6 and 7. The dinensions shown in
Fi gures 4/ 4A, 5/5A, 6/6A and 7/7A are in mllinmetres. The depth of the
.grooved (i.e. non-cross hatched) portions is 0.005nm bel ow that of the

~hatched areas in those draw ngs. 10 I n- Figure 4A, each nozzle
outl et portion has a length of 0.04mm and a constant breadth of 0.008nm As
stated before, the depth of the nozzle t is 0.005mm The central

other 15 and bl |/§% at 0.025mm from 1398 of the nozzle
assembly. In Fi_éﬁ 84807 { he outl et nozzles are shown to have BCT/GR8Y/A20e%

- 0.08mMmwith a constant width of 0.008mm and a depth, as before, of

- 0.005nm The nozzle outlets are configured so thgst the fluid 20 jets exit
at 90[err] with respect to each other and collide at a distance of 0.0025mm

fromthe outlet surf acecg’n%gnc fiont thhnagzi clmgsuap%fe%g%)t!e}_{'reactive dry etching method,

island 391 has a radius of 0.1122mm T EFH@_.Z:.;Z,'E@,-".UFF@ ire arranged so
that the fluid jets exit the nozzle outl| ets’ a9 &gEﬂEEN ’h respect to each
Lface

the grooves being of approximately reéta.ngular cross-section,
whereupon the base plate is coated with an unstructured glass plate
and is joined firmly to it by anodic bonding.

5
38. A spray generating device or a nozzle or nozzle assembly
substantially as hereinbefore described with reference to and as
shown in any one of the accompanying drawings.
" '
S
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In Figure 6A, the nozzles have thee'sarrg configuration as in Figure 5A.

However, in Figure 6A, the island pd jonfi gured
differently fromthe island portion |3%%IS SHEEMIAP B5ENsBen that the inner
surface of the island portion 391 ar* al sBEPRACERner slirface of the outer

wal | regions 393 are configured to ave g _concave radi us of curvature of
0.2mm In the arrangenent shown in Fi gur§67A, the outer wall and 30

island portions are configured simlarly to those in Figure 6A." Also, the
overall nozzle outlet configurationis simlar to that in Figure 6A, with
the exception that thhe nozzle outlets are arranged to be slightly tapered,
having a width of 0.007mm at the inner end and a width of 0.008mm at the
outer end. This configuration is 35 intended to facilitate the renoval of
particles thr ADOMISING NOQZZLEMNDIFBIHER AND SERAY GENERAFINGIDEVICE hown
in Figures 2/3 and This Sheet Has Been Re | ac THI S SHEET HAS BEEN 19
reach and enter the nozzle outlet portions 397a/397b.

ABSTRACT

The present invention provides a simple form of nozzle assembly for use in generating
sprays from a ﬂﬁid, V{hic‘h comprises a first member (11) having one or mere nozzle outlets
(14), one or more fluid inlets (16) and one or more channels (15) connecting them formed by |
electrical or chemical etching or other processes which selectively remove material from one
face of the said member (11); and a second member (12) cooperating with tﬁe said first
member to provide a wall of said outlets, inlets or channels to form the fluid flow paths for the
nozzle assembly.

- Fig. 1.

. This Sheet Has Been Replaced
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Figure 8 shows the nozzle outlet region 41 of a nozzle assenbly according
#6 thé invention wherein six nozzle outlets 42a to 42f are oriented in such
a way that the jets which issue 5 therefromneet at a point. This can
avoid a situation where the other jets no longer collide if one of the
nozzl es becones bl ocked. In Figure 9, an inpact elenent 43 is provided in
the mouth 44 of a nozzle outlet 45, which w dens towards the outside.
Simlarly, in Figure 10, a vortex-generating structure 46 is fitted into a
nozzl e 10 outl et which pronbtes a greater vortex formation of the issuing .
fluid. Figures 1lla.to 11c al so show a sectioh™of "t he nozzle assenbly in the
regi on of the nozzle outlet, wherein various geonetric shapes for the
nozzl e outlfets are illustrated at 48a, 48b and 48c. 15 To

i nprove t he WQ¥i768%t i on, the nozzl e outl g8 can al so be deET/GBE3I02020 such a
way that it i s sonewhat |onger and is provided wth a region of reduced

t hi ckness, into which region an air channel or air channels open so that -
as wWith a water-jet punp - air is carried into the jet of fluid. 20

It has been found that a favourable droplet, or particle size. is typically
obtained if the narrowest cross-sectional .surface area of the nozzle
outlet, or outlets, is betweea~about 25 and 500 fflc; 7

/2
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[err]. When the grooves in the base plate are, for exanple, 5 [err] in
depth' it is possible for the nozzles to be kept to a conparable 25 wi dt h
and typically their wdth-/breadth ratio is between about 1 : 1 and 1
20. Rel ationshi ps outside these regions are al so possible. The skilled
person can, if necessary, optimze the appropriate nozzle outlet dinensions
by carrying out tests as the characteristics of the fluid to be sprayed, as
t he surface tension 30 and the viscosity are also relevant to a certain
degree. The specific characteristics of the fluid to be sprayed need to be
considered in parti.cul ar when that fluid includes an organic solvent or an
oil rather than a watery fluid, of the type for which the present device is
primarily, but not exclusively, intended. 35 To excl ude the
possibility of Rl of the filters, even over long-termuse, the filter
(6) can al so be dgg‘??gﬁg’d so that it is of zPg 8ag, neander-|iRd/EB93412820at e
configuration. Thus, a. This Sheet Has Been Repl aced 20 greater nunber
of through passages (of constant si.ze) is forned. In
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addition, if so desired. instead of a one- or two staged filter it is
possible for three-staged filters to be provided with respectively narrower
t hrough passages. In each case, however, it 5 must be ensured that a
sufficiently high pressure is available at the nozzle despite the reduction
of pressure in the filter system The cross-sectional shape of the nozzle
outl.et or the.sumof the cross-sections of the nozzle outlet can be varied
wi thin further boundaries. At a given pressure, the cross-section of a 10
slitt.ed nozzl e outlet can be considerably greater than the cross- section
of a square or -round nozzle outlet, w thout the droplet spectra being

i npaired. The cross-section of the nozzle outlets or the sumof the
cross-sections is usually between 5 and 2000 pnR, preferably between 20 and
1000 pn2 andwom4spzeoti cul ar between 25 agy @5 500 pn2. pddygedréga@pPp! i es
when two or nore parallely orientated nozzle outlets are provided. Wen,

also, in particular in the case of very narrow or we at nozzle
openi ngs, surface edge effects play a large r -!"V* ki lT per son needs
to take account of the know edge of thedR0 ce;ﬁShgzgydraulic
(I X i ,“)the noazle outlets
]
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Figure 12 is a schematic representation of part of another nozzle assenbly
in accordance with the invention. Figure 12 25 represents a plan view of
a base plate 50 in which channels are formed. An inlet 52, which extends
perpendicularly to the plane of the base plate 50, opens into a chanber 54.
The .chanber is connected via one or nore filter stages 56 to twin nozzle
outlets 58a and 58b. The provisional of the perpendicularly extending inlet
30 enabl es a conpact construction of the nozzle and/ or nozzle assenbly.
Figure 13 shows an exanpl e of nozzle assenbly 60 with an inlet disposed
perpendicularly to-the connecting surfaces as in Figure 12. In the nozzle
assenbly of Figure 13,7 a first plate nenber 35 61 has a first set of two
channels 62 in its upper face which debouch at one edge of the plate. The
resul tant aper Wy fsesgd; the This Sheet Has Been Re | aced e 09405626
REPLACED . PCT/ GB93/ 02020 21 p4 #8® edge formtwo fluid
outlets which, in the present exanple,
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will formtwo inpinging jets of fluid angled at about 100 to 120[err] to
éne another when fed with fluid. Preferably, the edge of plate 61 is
indented at this point to provide a recess in the face of the 5 nozzle
assenbly within which the two jets of fluid can inpinge and formthe spray
of droplets. The lips of the nmouths of the depressions 62 where they
intersect the edge of the plate 61 are sharply fornmed and not rounded. The
face of plate 61 also carries a second set of channels 63, which ire of
smal | er cross-section 10 di mensi ons than the first channels 62. These act
as the narrow bore.portions linking a fluid inlet 64 cut through plate-61
with the first set of channels 62 and serve to filter out solid particles
whi ch m ght otherwi se block the first channels and the fluid outlets.
Typical ly, twe9seend channel s 63 each h§VF§a cross- 15 peEcBITROb ar ea
which is approximately 10% or |less of th 0ss- sectional area of each of-

the first channels 62, so as to give a _pressuLe oz;~ Qf about 10% of the

to 25 bar, across the second channel s.
wi |l have at 20 | east one cross-sectional
t he cor.respondi ng di nensi on of the flé?

typically formed by renoving a unifor Mm%

FIG.8
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the surface of the first plate nenber, the channels will usually have a
»const'ant depth and variations in the dinensions or area of 25 t he
channel s is achieved by varying the width of the channels. The second set
of channels 63 debauch into a plenum chanber 65 cut into the top face of

pl ate 61. |If desired, the chanber 65 can be cut through the thickness of
plate 61, but it is preferred to formchanber 65 within the thickness of

pl ate 6i as shown. Chanber 30 65 is preferably configured so that the
first channels 62 exit from opposed corners of the chanber 65 and a septum
66 of the material .of the surface of plate 61 can be retained between the
chanqels 62 to aid changes in direction of flow of fluid wthin chanber 65
and to direct the flowinto the first channels 62. 35 A second
pl ate nmenber 70_is shown overlying but detached fromthe first plate nenber
. 61. Wen this s&WPate 70 is secured tg i@ top face of HCA{GBY/N2020
provides the top faces to the This Sheet Has Been Re | aced WO 94/ 07607
REPLACED




22 channels 62 and 63 so that they formtwo groups of conduits which form
.fhe nozzle outlets 62 and the filter bores 63. Athird plate nmenber 80 is
al so shown detached and underlying plate 61. Plate 80 carries a fluid inlet
spigot 81 by 5 which the nozzl e assenbly can be nounted on the outlet of
a punp or other fluid flow generating device (not shown). The spigot 81
has an internal bore 82 which is in register with the inlet 64 in plate 61
and can form part of the punp nechani smof the flow generating device as

i ndi cated above. The exterior of spigot 80 can carry 10 screw thread or
ot her nmeans (not shown) by which the spigot is secured to the punp or other
fl ow generati.ng neans.. The plates 61, 70 and 80 can be formed from any
suitable material, for exanple a photo-resist glass, ceramc or plastic or
a netal, amnwioblmeréoratures in plate 61 f@rhAgd by renovi ngeewGBI3/a@o20l r om 15
plate 61 in the desired | ocations by a conventional chem cal etching
process. Alternatively, the features can be forned by renoval of naterial
using a laser. Since the are fornmed on .the exterior of a
substantially flat nenber s no need for conplex machi ni ng of
conponents or asst nts. 20 The pl ate nenbers
present opposed sybsi CeS




—

to one and%her and can readily be bonded or otherw se secured to one
Anot'her using any suitable technique, for exanple by ultra-sonic welding,
by adhesion or by clanping themtogether using a netal surround which is
crinped into position. 25 In operation, fluid at pressure is
delivered to the bore 82 of- spigot 81, fromwiich is flows through inlet
chanber 64 in plate 61, through the filter channels 63 to the plenum
chanmber 65 and thence to the nozzle channels 62. The fluid exits fromthe
two nozzle channels as jets of fluid which inpinge on one another to 30

forma spray of fine droplets. By applying the flTuid at a pressure of at

| east 40 bar to nozzl e channel.s having a. nean di aneter of about 10

m crometres, droplets with a nean droplet size of |ess than 10 m cronetres
wer e produced. 35 The nozzl e assenbly could be manufactured
repeatedly to clyesqdreder ances' and sanpl es g)f{ ghe nozzl e assexintgB93/02020
repeatedly perfornmed to give the sane droplets sized spray. This Sheet Has -
Been Repl aced : _
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23 Alccor,dijng-l y, froma further aspect, the present inven r
nozzle and filter assenbly characterised in that it congrR
first plate into which are forned: 5 1. a fi stESE%%%WE?'TSHEE

channel s having one end thereof |ocated at the plate boynpag a
second group of channels of equal or smal3 er size than ‘.03 Dﬂcm

and b. a second plate that sealingly engages said first plate so 1
the surfacgetise %@hﬁcﬁﬁﬁ@.{l@ sﬁfoﬁfg%oﬁ@oﬁmé aTA@ﬁanﬂil@ addsetofthe sdst of thepdewice.

. channels in s st ate t f I
with said secghti ’;g¢ uprP BL‘ a&‘?&nm Oég%ﬁg% quif thapefl ?% &eld Igtr)e%.j; gé%%ﬁggset
of fluid cesmtrutomhanhicly incarposessactiniegal wiezwae yakie mi diltes il ther nozzle

than the sgi gm;, 3”#9213] %ﬂt%ttli ,ﬁggg lmeeaffae%ym‘ah sh BRSEShat ¥ Rosale whés

second group O ter . to rote t the Tirst se of

channel s wiieqistantis bg@ggpﬁ@gted tn ﬁiaﬁbﬂpl metgred fose of fluid from the reservqip g
connecting 1%%& El&ék g@"o? 1 ﬁ@ﬁéﬁiiﬂ fpertuadby solid particles Gitefisdaiblthe . nh)zzl e

assenbly | conne
preferred orm of sunﬁ constructlon a cylindrical plug is a push fit in a chamber
immediately upstream of the nozzle orifice to provide an annular passage between the
internal wall of the chamber and the radially outward wall of the plug. This annular
passage has a radial dimension equal to or less than the nozzle aperture and thus provides
a fine filter to remove solid particles which might otherwise block the nozzle aperture.
The fine annular passage also imposes a flow restraint on the movement of fluid which is
overcome by the high pressure generated when the piston is driven on its forward, or
discharge, stroke to allow fluid to flow outwardly through the nozzle aperture. The flow
restriction, however, prevents fluid from flowing back into the device as the piston is
retracted. This reduces the risk of contamination of the fresh fluid drawn into the
pressure chamber from the reservoir with air or fluid from the nozzle assembly
downstream of the plug. Again, such a device must be manufactured from metal to be
able to withstand the préssure surge as the device is operated and thus requires high
precision machining of components which is expensive.
h SUMMARY OF THE INVENTION
It is an object of the present invention to ameliorate one or more disadvantages of

the prior art.
According to one aspect of the present invention there is provided a nozzle
assembly for use in a spray generating device which supplies fluid medicament to the
' nozzle assembly at a pressure of at least 50 bar, whereby the nozzle assembly atomises
the fluid medicament to form a spray having droplets of a size suitable for inhalation into
the lungs, comprising: a first member having a first surface; a second member having a
second surface, said first and said second surfaces being joined together; and a plurality
of channels formed in said first surface, forming, in cooperation with said second
surface, a plurality of nozzle outlet passageways; wherein said plurality of nozzle outlet
passageways includes a plurality of nozzle outlets and are in fluid communication with a
fluid inlet; said plurality of nozzle outlets being arranged to discharge a plurality of fluid
jets that impinge on one another to thereby atomise said fluid, and wherein the nozzle
outlets have a cross-sectional area of from 5 to 2,500 square micrometres.
According to another aspect of the present invention there is provided a nozzle
assembly for use in a spray generating device which supplies fluid medicament to the



suppl yi ng first set of channels with fluid. In the alteff REF Y@L
plate 61 shown in Figures 14 to 19, the outlet to the ghannels .
- nodi fied so that the fluid issues fromthe outlets as g aéaﬂ
' need for inpingenent 25 of two jets of fluid. Thus,
~outlet 74 to channel 62 is formed as a tdrtuous bend to i nduc 7
. flow as the fluid exits the channel 62. To achieve a spray of droplets with
a mass nedhmledaszainbly &t @ presfura lof at ldistrﬁ(l:bmrewheeby theenddzie assemblyedtoimyses

channel 62 |s I eﬁ]a
in cross- Sg%t ﬂ%%d%ca%‘ﬁn}? og‘gnﬁz{agrgglh%( ap(}ﬁov&g‘lglfﬁsgws 26 Ptlon 561?26
formed at ﬂnelumtcnnmrlsmarmﬁrst gxmhey haweg@cfgét wfasﬁataéewd1 member baying
the area 8g.da MG 26834 FfrsOhnd RBid séBnd |0rbhOR DAL jOiRbA tGdiik@yN ahrblﬁleﬁure

16, the channe 2 1S rmed wi haknlfe deen 1 -havi ng.a gap
93 of fronfhanngl fosmed dPéﬁ’é‘tt%’@ %’HH'BF%E & é‘e “‘%*831 ﬂ'ﬂfaf’ﬁ Bdge
entry at afiozzle! ot Epﬁsﬂage\%iy Ofwlielrmm @Aidt moz£60 oufiete fpmssageway r smigo fluid
1200. This_Sheet. Has Be I?ﬁn&%lgp
communication With 'a and includes a nozzle outlet; and means for inducing
secondary flow in said fluid as it exists said nozzle outlet to thereby facilitate

atomisation, wherein said nozzle outlet has a cross-sectional area of 5 to 2,500 square

micrometres.

According to still another aspect of the present invention there is prov1ded a
method of producing a plurality of nozzle assemblies, comprising: forming a first
member to have a first generally planar surface and a plurality of grooves formed within
said first generally planar surface; forming a second member to have a second generally
planar surface; joining said first member and said second member along said first
generally planar surface and said second generally planar surface to form a composite
structure; and separating said composite structure into individual composite portions to
form individual nozzle assemblies, wherein each of said nozzle assemblies comprises a
nozzle intake, a nozzle outlet and a channel connecting said nozzle intake and said nozzle
outlet in fluid flow communication formed from said plurality of grooves.

According to still another aspect of the present invention there a method for
producing a nozzle assembly, comprising: forming a first member-to have a fluid inlet, a '
fluid outlet having a cross-sectional area of approximately 25 to 500 square micrometers,
and a channel formed in a first face of said first member, said channel connecting said
fluid inlet and said fluid outlet in fluid flow communication, wherein said fluid inlet, said
fluid outlet, and said channel are formed by selectively removing material from said first
face of said first member; forming a second member having a second face; and securing
said second member to said first member so that said second face cooperates with said
fluid inlet, said fluid outlet, and said channel in said first face to form fluid flow paths
for the nozzle assembly.

DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

The invention will be described in more detail hereinafter, by way of example
only, in terms of a number of exemplary embodiments with reference to the
accompanying drawings, in which: '

Figure 1 is a schematic perspective view of a preferred embodiment of a nozzle
assembly in accordance with the invention and Figure 1A is a detail of a possible variant
of a nozzle outlet for the assembly of Figure 1;



24 In the nodification showm in Figure 17, the knife edg
the exit to channel 62 at the edge of plate 61 and suff]i
t hi ckness 102 is retained between the edge of the platr
chanber 65 to ensure the rigidity and strength of the KT =5——-ged{
the alternative shown in Figure 18, the % de walls of channel 2 are
radially indented to provide a series of projections 111, 112 into the flow

of fluid thr OUEigﬁ} 2 i§ hodenemati plin vlédlﬁfq)am@bmdedondfﬂre&med entteditheritcbfas i s
passes throu uth 113 of 10 "han T nel
havi ng a n’é%gl‘]?u?‘ﬁs?m YrinAcE@danee it ﬁl%ﬁ m(Ylel "iﬁ%u:ﬁ %& }Bg{ elwtoadagﬂg]
m cr omet r ethereofie projections 51 and 52 will be from3 to 8 mcronetres. -

~In the nodificpliol 30{ 4 Q&} eflBYik i n{)e'\:x} 9% Qrtlé)f §|ﬂlﬂ¥m kéfefb(ﬂ'éﬁﬁo&ﬁnelﬁ ofept um

120 i s formed W eumc

| ted fr the
nalt ot haomleassembistincoARco Hish S e lon SEPlaTing T S olsts IRt
i mpi ngi ng ?A%\ﬂa 3H ridtiti égoldétais%wm dt n6RAEReEmBR3 Whi ch debouches into a

The f ui d exi t E1RS hotin FEBI SheFHEFScS, bhgnd Fighds 77 A0 17 BhlE
above, t heexd@flés ahevinindidle ofitiéth forchnomzle assembly in accordance with the invention;
Figure 8A relates to a detail of a nozzle assembly comprising a plurality of nozzle
outlets; . '
Figure 9 relates to a detail of a nozzle assembly employing a nozzle outlet with an
impinging element; . :
Figure 10 and Figures 11A, 11B, and 11C relate to




formed in the first plate depend on the application of.
For instance, when the nozzle assenbly is used to spra
total cross-sectional area of the fluid outlet channel
square mcronetres.

typically 40 mcrons deep by 40 mcrons wde. To achie
particle size of typically 40 m cron nmass nean di aneter u3|ng suc

assenbly, fluid at a pressure of between 30 and 150 bars is used.

ist
Pmbs

If a single channel 25 I's used,

nozzl e assenbly is used to spray |ung depogited 30 drugs for

admi ni stration by inhalation,

then typically the total cross sectional

of the outl-et channel (e.g. 62) wll be between 30 and 200 square
mcronmeters. If a single outlet channel (e.g. 62) is used, this will

typically be 10 nicrons deep by 10 microns w de.

The operating pressure

| the

area

required to achi eve saltgpragivevdesigna fomasnozide ourdedifan ude dplactozglezgssedbly eSS

than 6 mcronmetres Wd hcddgadaed WoBNend QQvaadn 400 bars.

the invention may be used IEnguq'L r-ﬁrzs a saa%matic plan view of part of a nozzle

invention;

assembly in accordance with a further embodiment of the invention;
Figure 13 is a schematic plan view of yet a further
alternative embodiment of a nozzle assembly in accordance with the

Figures 14, 15, 16, 17, 18 and 19 relate to yet further

. examples of nozzle outlet designs for & nozzle assembly in

accordance with the invention: and
Figure 20 represents various stages in the mz_mufact:ure of a

nozzle assembly in accordance with the invention.

Figure 1 is a schematic exploded perspective view from
above of an example of a nozzle assembly 10, or of part thereof, in
accordance with the invention.

Figure 1 shows a base plate 11 and a cover plate 12, which
has been lifted off the base 5plate 11 for illustrative purposes. In
use, with the cover mounted on the base plate 11, fluid is passed
under pressure through a f;lter 13 at an 1ntake side 16 of the
nozzle assembly 10, which filter is composed of a number of mutually
parallel narrow grooves 17, the cross-section of each groove 17 of
which should be less than the cross-section of a nozzle outlet 14.
From the filéer 13, the fluid passes under pressure into the
channels 15, from where it is expelled through the nozzle outlet 14.

Figure la shows a variant of the grooved plate 11, in which
the nozzle 14' is bent, and instead of two channels 15 which extend
at an obtuse angle relative to each other as in Figure 1, a series
of parallel channels 15' is provided. .

Figure 2 shows another version of a nozzle assembly 20 in
accordance with the invention. This drawing shows a view from above
onto a grooved plate 21, where -~ as seen from the intake side 16 - a
coarser filter 23 with grooves 27 is followed by a finer filter 28,
which is shown in a cut-out sectional drawing on a larger scale in
Figure 2a. The filter 28 communicates with the nozzle outlet 24 via
channels 25. The right angles disposed between the channels support

the cover plate (not shown) and reinforce its connection to the

The nozzl e assenbly of



applications where a sinple, rugged device is required,
I njection systens for internal conbustion engi nes, whelle
nozzles would typically be used either forned in one p

usi ng a nunber of plate assenblies. 5 A et
a nozzle assenbly in accordance with an enbodi nent of the
conprising a grooved base plate and an unstructured cover plate will now be

described. It will be appreciated that the nethod to be described can
readily be nodified for producing nozzle assenblies where the cover plate
I's struct-ured 10 instead of or in addition to the base_plate and/ or where
an internediate plate is structured. In particular, in the nethod to be
descri bed, the nozzle assenblies are manufactured using the foll ow ng
steps: - structuring a batch of base plates with grooves; 15

joining the batch of b?%goagqﬂggygf plates together; and - separatlng the

I ndi vi dual nozzle assenblies I-m? t%e?n i.(g)l gltﬂ(,alt | S ere r%lglly‘ E&L‘itn%rel in

per se known manner usin IC

conjunction with an i orf Hﬁﬁ rT{“@G ‘t“e‘é‘rﬂrﬁ%é ‘H’% AERiA \j’“f'@tlﬁrﬁ"ﬂﬂ}é‘ The 20
hei ght s of the struct ursmscemaccabdievmreduced ahdhetlﬁozplns Y semblort Hot thedfloabout 3
and 20 pm preferably hft¥Resh.aDFUwid! nad2lesldutDébs(R6e for example Figure 3) are

provided, longer (e.g. conical or tapering) nozzles can give good
atomization results because the fluid jets are split into the finest
droplets when they coliide. ' _

. Figure 3 shows part of a-nozzle &ssembly 30 in which the
two-stage filter 37, 38 and the five parallel channels 35 generally
correspond to the filter 27, 28 and channels 25 of the embodiment
shown in Figures 2/2a. The nozzle outlet 25 according to Figure 2
is, however, replaced here by the twin nozzle outlet 39a/39b. As
can be seen from the enlarged drawing in Figure 3b, the twin nozzle
outlets 39a/39b direct two jets at an angle of 90° relative to each
ctl{er. _ Due to thé collision of the jets, particularly good
atomization is obtained. The twin nozzle outlets can be modified in
various ways. Thus, both jets can, if so desired, be oriented
‘towards each other at a more acuté angle or -at a more obtuse angle
(about 20° to 160°, preferably 60° to 150° and more. preferably 90° to
.120°). In addition the cross-section of the.nozzle outlets can be
selected differently; for example the strong tapering of the outlets
39a/39b in Figures 3, 3a, may be dispensed with. As illustrated in
Figures 3b, it is desirable for the jets to impinge a slight
distance away from the nozzle outlets. Smaller orientation
deviations do not then result in incomplete collision of the jets on
one another. The edges of the structure may be bevelled where long
term use of the channel plate might cause breakages -to the edges
which could cause the filter or nozzle to become blocked.

Figures 4, 5, 6 and 7 represent plan views of alternative
configurations of a twin nozzle outlet. Each of these Figures shows
the nozzle outlet region only of one plhte of a nozzle assembly.

For illustrative purposes, a filter arrangement and the channels for
the passage of fluid from the filter arrangement are not shown in
Figures 4§ to 7; The filter arrangement and channels may be

configured either as shown in Figure 1, or in Figures 2/3, or



particularly between 5 and 7 pm The material used f
preferably a nono-crystalline silicon since this is
a condition (i.e. in wafers) in whichit is 25 suf
paral |l el and of |ow surface roughness, and it can bg! bQ{e”E@'3 (UELh

pl ate wi thout the additional application of adhesi va: O RET 1Y 1a
during the subsequent joining process. In order to produce a pIurallty
nozzl e assenblies in parallel. a plurality of structure base plates are
formed on a wafer 30 of silicon. It wiBl be appreciated that materi al
other than silicon can undergo structuring, and these can also be firni
joined to the cover plate in the subsequent joining. process. Such mater
are gal liumarsenide or netals such as al um nium or nickel-cobalt- 35
al l oys, for exanpl @nothkd 6kitesIe RahkdW B $HBddd0dr8drdpredeatddyraiseda gl ass
plate. Athinlayeroqiodidd GANplS 8Ll %o thelhsiodadldi s Sheet
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represent:.ng the grooved or recessed areas.

Figures 4A, S5A, 6A and 7A represent enlarged views of the
nozzle outlet area of the grooved plates 314, 315, 316 and 317
shown, respectively, in Figures 4, 5, 6 and 7. The dimensions shown

in Figures 4/LA, 5/5A, 6/6A and 7/7A are in millimetres. The depth
of the grooved (i.e. non-cross hatched) portions is 0.005mm below
that of the hatched areas in those drawings.
In Figurt_a 4a, "each nozzle outlet portio;z has a length of
0.04mm and a constant breadth of 0.008mm. As stated before, the
. depth of the nozzle outlet is 0.005mm. The :_:entral island 391 has a
radius of 0.1122mm. The nozzle outlets are arranged so that the
fluid jets exit the nozzle outlets at 90° with respect to each other
and collide at 0.025mm from the ocutlet surface 398 of the nozzle
assembly. .
In Figure 5A, the outlet nozzles are shown to have a length
of 0.08mm with a constant width of 0.008mm, and a depth, as before,
of 0.005mm. The nozzle outlets are configured so that the fluid
jets exit at 90° with respe'ct to each other and collide at a
ciistance of 6.0025mm from the outlet surface 398 of the nozzle
assembly.

In Figure 6A, the nozzles ﬁave the same configuration as in
Figure 5A. However, in Figure 6A, the island portion 392 is
configured differently from the island portion 391. It will be seen
that the inner surface of the island portion 391 and also the inner
surface of the outer wall regions 393 are configured to have a
concave radius of curvature of 0.2mm.

In the arrangement shown in Figure 7A, the outer wall and
island portions are configured similarly to those in Figure 6A.
Also, the overall nozzle outlet configuration is similar to that in
Figure 6A, with the exception that the nozzle outlets are arranged
to be slightly tapered, having a width of 0.007ﬁm at the inner end
and a width of 0.008mm at the outer end. This configuration is
intended to facilitate the removal of particles through the nozzle
should such particles pass the filters shown in Figures 2/3 and

base plate is

in
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S
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surface of the wafer W(Figure 20A) to be structured. The oxide Iayer Ia_ter

| ayer L2 is then applied over the layer L1 in a cent (i
allowed to solidify (Figure 20B). 5 The groove str
transferred to and devel oped in the plastics |ayer Ui THP &
contact copy with a mask M to a scale of 1 : 1 (Fi gure
step of the procedure, the plastics structures act as nasks for structuri ng
the silicon oxide layer. The structuring igs effected by reactive etching
with 10 i on beans. During the structuring_of the oxide |layer, the

pl astics material is conpletely renoved (Figure 20D). The oxide | ayer
structured in this way then acts as a nask for etching the grooves, which
may be 5 - 7 pmin depth, in the silicon. Wen this is done, the oxide

| ayer is also slowy renoved 15 (Figure 20E). At the end of the
structuring process, ssshapdgntsr ﬂ@cxtoaﬁgmualretmxusmé%/ijﬁboves are forned
on the silicon plate, but tragéegs enwehe aczzbe oofletinyzige dnadfr & oz f ace

shape in the plan Vi eyigedd according to tad/ Inbexﬁitfnuﬁ'reyéihnﬁxQIozLﬂeo@i’ég whate,
ot her etchi ng net hods cgﬂ_ﬁ o achi eve a,nu eejets h &rksasgts teo give
ot her shapes of

are or ente in such a way
therefrom meet at a point. This can avoid a situation where the
other jets no longer collide if one of the nozzles becomes blocked.
In Figuré 9, en impact element 43 is provided in the mouth 44 of a
nozzle outlet 45, which widens towards the o_utside. Similarly, in
Figure 10, a vortex-generating stricture 46 is fitted into a nozzle
outlet which promotes a greater vortex formation of the issuing
fluid. Figures 1lla to llc also show a section of the nozzle
assembly in the region of the nozzle outlet_. wherein various
geometric shapes for the nozzle outlets are illustrated at 48a, 48b
and 48c.

To improve the atomization, the nozzle outlet can also be
designed in such a way that it is somewhat longer and is provided
with a region of reduced thickness, into which region an air channel
or air channels open so that - as with a water-jet pump -~ air is
carried into the jet of fluid.

1t has been found that a favourable droplet, or particle
size, is typically obtained if the narrowest cross-sectional surface
area of the nozzle outlet, or outlets, is between about 25 and 500
pm®.  When i:he grooves in the base plate are, for example, 5 um in
depth, it is possible for the nozzles to be kept to a comparable
width and typically -their width-/breadth ratio is between about 1
:+ 1 and 1 : 20. Relationships outside these regions are also
possible. The skilled person can, if necessary, optimize the
appropriate nozzle outlet dimensions by carrying out fésts as the
characteristics of the fluid to be sprayed, as the surface tension
and the viscosity are also relevant to a certain degree. The -
specific characteristics of the fluid to be sprayed need to be
considered in particular when that fluid includes an organic solvent
or an oil rathér than a watery fluid, of the type for which the
present device is primarily, but not exclusively, intended.

To exclude the possibility of blockage of the filters, even
over long-term use, the filter (6) can also be designed so that it

is of zig-zag, meender-like or arcuate configuration. Thus, a



groove which result in end products with nozzles of varying-epening
cress-section. Thus, for exanple, trapezoidal grooves call REPUNCEMENTISHRET

over-etching or under-etchlng in the appropriate way. 25 These et ched
fornms can be produced both by isotropic dry etching neth d@m@ﬂb3hDEﬂ @g; .....
i sotropic wet etching nethods. If anisotropically actingletehi-rg—retHod :
(both with reactive ion plasma and also with wet chem.cal - nedla) are used
it is possible to produce nozzles of triangular cross-section from V-shaped
grooves in nono-crystalline 30 base pl at@es. The geonetric shape of the
grooves can also be altered by conbi ning etching techniques with coating
techni ques. Virtually any geonetric shape can be produced. After
structuring, the silicon plate is cleaned and the rest of the silicon
dioxide is renoved by the wet-chem cal nethod. 35 The silicon plate is

then joined (Fi I [ ondi cf.. US. Patent
3, 397J 278 of(13%a%%g@° ‘tgf%glu@ﬁf)&“&tse(°p¥f’g@8’q ﬁf |%g§%%ﬁ%‘ S BEEN 27

addition, if so desired, instead of a one- or two staged filter i
is possible for three-staged filters to be provided with
respectively narrower through passages. In each case, however, it
must be ensured that a sufficiently high pressure is available at
the nozzle despite the reduction of pressure in the filter system.
The cross-sectional shape of the nozzlé outlet or the sum

of the cross-sections of the nozzle outlet can be varied within

further boundaries. At a given pressure, the cross-section of a
slitted nozzle outlet can be considerably greater than the cross-

" section of a square or round nozzle outlet, without the droplet
spectra beiné impaired. The cross-section of the nozzle outlets or
the sum of the cross-sections is usually between 5 and 2000 hmz.
preferably between 20 and 1000 pm? and in particular bet:weén 25 and
500 pw?. This also applies when two or more parallely or:.qntated ’ ;
nozzle outlets are provided.

When, also, in particular in the case of very narrow or
very flat nozzle openings, surface edge effects play a large role,
the skilled person needs to take account of the knowledge of the
physics concerning hydraulic cross-section in the detgminat:ion of
the arrangement of the nozzle outlets and the choice of the
dimensions therefor.

Figure 12 is a schematic representation of part of another
nozzle assembly in accordance with the invention. Figure 12
represents a plan viev_v of a base plate 50 in which channels are
formed. An inlet 52, which extends perpendicularly to the plane of
the base plate 50, opens into a chamber 54. The chamber is
connected via one or more filter stages 56 to twin nozzle outlets

- 58a and 58b. The provisional of the perpendicularly extending inlet
enables a compact construction of the nozzle and/or nozzle assembly.

Figure 13 shows an example of nozzle assembly 60 with an

-inlet disposed perpendicularly to the connecting surfaces as in
Figure 12.

In the nozzle assembly o_f‘_Figu_re 13, a first plate member
61 has a first set of two channels 62 in its upper face which
debouch at one edge of the plate. The resultant apertures at the




An al kali borosilicate glass such as Pyrex, for exanple. (#7740 Corning) or

Tenpax (Schott) is suitable for anodic bondi ng of sil ass;,
glass plate is placed on the structured silicon plat ?%@’L%E%{’%W&*{F@J ith

an electrode. The entire 5 conposite structure is he P t ugles
PBIEDS DR

of between 200 and 5000C (preferably to about 450C, ] t-S-
tenperature the thernmal expansion coefficients are still close to one
another and at the sane tinme the alkali ions are sufficiently nobile for a

fast bonding process) and a negative voltage of about 1000 V is placed 10
between the silicon plate and the glass plate. Due to this voltage, the
positively charged alkali ions nove through the glass to the cathode, where
they are neutralised. At the point of transition between the glass and the
silicon, a negative spacial charge is forned in the glass which causes

el ectrostatic drawi ng together of 15 the two surfaces, and also results
in a durabl e chenprstk ebgmdbﬁguhei'ngdb@tlaﬁdmhemvmemhet peesgltaeanmel f ace and

the silicon surfagg,b e3R8 S ng R A0 obMe1 G aglémdﬁboumoé b S¢00nect i on,

it is also particularly advantageous to use 9 ass as the cover material for
reasons of qual it PCERERe whepfed Witk Sy Prefergliy f”‘bc?gﬁ Bf &14t8 & sual | y
det ect the effici éndydentedt &te tidsrphdat tommyvide arecasd inl the fded efitthe or forei gn

particles which | gadie assembly within which the two jets of fluid can impinge and
form the spray of droplets. The lips of the mouths of the
depressions 62 wﬁere they intersect the edge of the plate 61 are
sharply formed and not rounded. The face of plate 61 also carries a
second set of channels 63, which are of smaller cross~section
dimensions than the first channels 62, These act as the narrow bore
portions linking a fluid inlet 6l cut through plate 61 with the
first set of chennels 62 and serve to filter out solid particles
which might otherwise block the first channels and the fluid
outlets. Typically, the second channels 63 each have a cross-
sectional area which is approximately 10% or less of thé cross-
sectiona.i area of each of the first channels 62, so as to give a
pressure drop of about 10X of the applied pressure from the flow
generating device, for example of from 0.2 to 25 bar, across the
second channels. Typically, the second channels 63 will have at
least one cross-sectional dimension which is about 50X of the
corresponding dimension of the first channels. Since the channels
are typically formed by removing a uniform depth ‘of material from
the surface of the first plate member, the channels will usually
have a constant depth and variations in the dimensions or area of
the channels is achieved by varying the width of the channels.
The second set of channels 63 debouch into a plenum chamber

65 cut into the top face of plate 61. If desired, the chamber 65
can be cut through the thickness of plate 61, but it is preferred to
form chamber 65 within the thickness of plate 61 as shown. Chamber
65 is preferably configured so that the first channels 62 exit i“i;'om
opposed corners of the chamber 65 and a septum.66 of the material of
the surface of plate 61 can be ‘retained between the channels 62 to
aid changes in direction of flow of fluid within chamber 65 and to
direct the flow into the first channels 62. }

' A second plate member 70 is shown overlying but detached
from the first plate member 61. When this second plate 70 is
secured to the top face of plate 61 it provides the top faces to the



to mal functions of the conponent part. However, other cover materials other

than gl ass can be used. Wth high tenperature loads it g
optimse the 25 t hermal expansi on coefficients of t h@Bﬁ%@é .u$ﬁ@ﬁ§§r i f

silicon is used both for the base plate and for the c [ t he
joining process, a thin glass layer is applied to the Mﬂ*eﬁ-?f-?sgggsg:----i
an evaporating or sputtering nethod, by neans of which the bondi ng process
can then be carried out. In this case, a visual 30 i nspection can be nade
using infrared view ng apparatus. After the bondi ng process, the conposite
structure (see Figure 20G is divided into individual units (e.g. squares)
by a fast rotating dianond circular saw, wherein the intake. openings and
the outl et openings are opened up. |If the cross-sectional surface 35 area

is very differeqRpinmats bhandbs kStenbRtneyi fobh BRZZErsShapaduabthah openi ngs, for

exanpl e), then {he separating Guk, pust el}gl@gsui?[ﬂésogged With precision to a
few micrometers in order to obtain a d%flned I's Sheet Has Been Re | aced
28 A third plate member 80 is also shown detached and
underlying plate 61. Plate 80 carries a fluid inlet spigot 81 by
which the nozzle assembly can be mounted on the outlet of a pump or
other fluid flow generating device (not shown). The spigot 81 has
an internal bore 82 which is in register with the inlet 68 in plate
61 and can form part of the pump mechanism of the flow generéting
device as indicated above. The exterior of spigot 80 can carry
screw thread or other means (not shown) by which thé.spigot is
secured to the puhp or other flow generating means.

The plates 61, 70 and 80 can be formed from any suitable
maferial. for example a photo—feéist glass.'ceramic or plastic or a
metal, and the features in plate 61 fbr@éd by removing material from
plate 61 in the desired locations by a conventional ‘chemical etching
process. Alternatively, the features cgnibe formed by removal of
material using a laser. Since the feat&res are formed on the
exterior of a substantially flat mémber..there is no need for
complex machining of components or assembly of sub-components.

The plate members present opposed substantially flat faces
to one another and can readily be bonded or otherwise secured to one
another using any suitable technique, for example by ultra-sonic
welding, by adhesion or by clamping them together uéing a metal
surround which is crimped into position.

In operation, fluid at pressure is delivered to the bore 82
of spigot 81, from which is flows through inlet chamber 64 in plate
61, through the filter channels 63 to the plenum chamber 65 and
thence to the nozzle channels 62. The fluid exits from the two
nozzle channels as jets of fluid which impinge on one esnother to -

=

""form a spray of fine droplets.

By applying the fluid ét a pressure of at least 40 bar to
nozzle channels having a mean diameter of about 10 micrometres,
droplets with a mean droplet size of less than 10 micrometres were
produced.

The nozzle assembly could be manufactured repeatedly to
close tolerances and samples of the nozzle assembly repeatedly

performed to give the same droplets sized spray.



nozzl e outlet. Such positioning also mnimses the expg e—0 B
flow at the outlet. During the separation stage, part|;MEﬂUN¢EMENTSHEET

revol uti onary speeds are needed (usually nore than 30000 agﬂzggyﬂiuig
order to avoid expulsion at the side walls and edges nbe
Such expul sion coul d cause undesirabl e changes to the €ross

geonetric shape of the outlet. After dividing themup, the nozzle

assenblies are cleaned and are fitted inside appropriate holders. 10 _
Al t hough illustrative enbodi nents of t.helBnvention have been described in

detail herein with reference to the acconpanying drawings, it is to be
understood that” the invention is not limted to those preci se enbodi nents,
and that various changes and nodifications can be effected therein by one
skilled in the art 15 w thout departing fromthe spirit and scope of the

[ nvention as_defined byade:apgendalla dlahlP sdket, seéaam%] Gt sfdbaon vari ous
enbodi nents of the i.nventi a scrl s parate erein t wll be
appreci ated t hat Pf 84 eusraeémﬁa&’ﬁ"?lfg Vﬁraff)eﬂ ST RS conbi ned as
appropriate 20 ©?48Ti886: f urt her enbodlnents
. a. a first plate into which are formed:
1: a first group of channels having one end thereof
located at the plate boundary; and
2: a second group of channels of eqﬁal or smaller
size than said first group; and
b. a second plate that sealifigly engages safid first plate so
the surf'acé of said second plate co-operates with the first
group of channels in said first plate to form a first
series of fluid outlets and with said second group of
channels in said first plate t:o form a second set of fluid
conduits having a cross-sectional size equal to or smaller
then the said fluid outlets, whereby when a fluid is passed
through‘said second group of channels they act as a filter
to protect the first set of channels which act as spray
forming fluid outlets; and -
c. means of connecting said two sets of channels.
" Preferably the nozzle assembly is connected to mesns for
supplying first set of channels with fluid.
In the alternative forms of plate 61 shown in Figures 14 to
19, the outlet to the channels 62 "is modified so that the fluid
issues from the outlets as a spray without the need for impingement
of two jets of fluid. Thus, in Figure 14 the outlet 74 to channel
62 is formed as a tortuous bend to induce secondary flow as the
fluid exits the channel 62. To achieve a spray of droplets with a
mass median droplet size of about 5 micrometres, the fluid outlet by
channel 62 is from 2 to 15, preferably from 3 to 8, micrometres

- -

square in crosé-section.

In the alternative form shown in Figure 15, a flap 85_is
formed at the mouth of channel 62 and the edge of plate 61 is cut
away in the area 86 downstream side of the flap.

In the alternative shown in Figure 16, the channel 62 is
formed with a knife edge entry él hav-ing a gap 93 of from 4 to 30
micrometres and channel 62 diverges from that knife edge entry at an
included angle 94 of from 60 to 150°, preferably from 90 to 120°.



of at

( |l east two plates which are 5 connect ed together,
internediate |ayer, wherein at |east a base plate has a
whi ch connects the intake side of the nozzle to the noz

possi bly by an
hPee(k3.. SECU

A nozzle according to Caim1, conprising one or nore 10 filters wherein,

if two or
direction of flow 3.

nore filters are present,

the filters each becone finer
A nozzl e accotding to Claim1 or Claim2,

in the

conprising the grooves are of approximtely rectangul ar cross-section. 15

4.

A nozzle according to Cains 1, 2 or 3, wherein two or.

nore nozzl e

outlets are provided which are oriented in such a way that the jets issuing

from them i npi nge on one anot her
out | et.

In the modification shown in Figure 17, the knife edge 101 is formed
at the exit to channel 62 at the edge of plate 61 and sufficient

_ wall thickness 102 is retained between the edge of the plate and the

plenum chamber 65 to ensure the rigidity and strength of the knife
edge. . .

In the alternative shown in Figure 18, the side walls of
channel 2 are radially indented to providg & series of projections
111, 112 into the flow of fluid through the channel which induce
secondary floﬁ in the fluid as is i:asses through the mouth 113 of
the channel. Typically, with a channel having a maximum mouth
cross-sectional dimension of from 5 to 20 micrometres, the
projections 51 and 52 will be from 3 to 8 micrometres.

In the modification of the device of Figure 13 shown in
‘Figure 19, a septum 120 is formed within the plenum chamber which is
separated from the wall of the chamber to provide two passages 121
fand 122 which form two iimpinging flows o}‘ fluid in a swirl chamber
123 which debouches into a single outlet channel 62 to provide the
secondary flow to form a spray as the fluid exits the mouth 124 of
channel 62.

* As indicated above, the depth and width of the channels
formed in the first plate depend on the application of the nozzle
assembly. For instance, when the nozzle assembly is used to spray
hair sprays, the total cross-sectional area of the fluid outlet
channels is typically 1500 square micrometres. If a single channel
is used, this will be typicalljv 40 microns deep by 40 microns wide.
To achieve the required particle size of typically 40 micron mass
mean diameter qsing such a nozzle assembly, fluid at a pressure of
between 30 and 150'bars is used.

If the nozzle assembly is used to spray lung deposited
drugs for administration by inhalation, then typically the total
cross sectional area of the outlet channel (e.g. 62) will be between
30 and 200 square micrometers. If a single outlet channel (e.g. 62)
is used, this will typically be 10 microns deep by 10 microns wide.
The operating pressure required to achieve a spray with a mass
median droplet size of less than 6 micrometres will be between 100

and 400 bars.
The nozzle assembly of the invention may be used in other

in the vicinity of the nouth of the nozzle



20 5. A nozzle according to Caim4, wherein the cross- sectlon of the

nozzle outlets becones smaller towards their nouth(s). 6.
~according to Caim4 or Claimb5, wherein the jets 25 1is uﬁﬁﬁL$¢%MENh6HEET

"nozzle outlets inpinge at an angle of approximtely 20 t D
~preferably 60[err] to 150 and nore preferably 90 to 120. Ji7; aw --------- gg @BZ
according to Clains 4, 5 or 6. a twin nozzle outlet is provided, wh
the two jets inpinge at an angle of 30 approxi mately 90. 8. A nozzl e
according to one of the preceding clains, ;yherein the cross-section at the
i_nt ake side and inside the nozzle assenbly is_greater than the
cross-section of the nozzle outlet or of the sum35 of the nozzle
outlets. * C L M S * TH' S SHEET HAS BEEN 30 9. A nozzl e
according to one of the preceding clains, wherein a rebounding elenment or a
vortex-generating structure is provided in
applications where a simple, rugged device is required, for example
in fuel injection systems for internal combustion engines, where a
group of spray nozzles would typically be used either formed in one .
plate assembly or using a number of plate assemblies.
A method of manufacture of a nozzle assembly in accordance
with an embodiment of the invention comprising a grooved base plate
and an unstructured cover plate will now be described. It will be
appreciated that the method to be described can Teadily be modified
._t:gr producing nozzle assemblies where the cover plate is structured
inst:ead of or in addition to the base plate and/or where an
intermediate plate is structured.
In particular, in the method to be described, the nozzle
assemblies are manufactured using the follow&ng steps:
- structuring a batch of base plates with grooves;
- Jjoining the batch of base and cover .plates together; and
separating the individual nozzle assemblies.
The base plate is preferably structured in per se known
manner using a light optical lithographic technique in conjunction
with an ion-supplemented-reactive dry etching technique. The
heights of the structures are between 2 and 40 pum, usually between
about 3 and 20 pm, preferably between about 4 and 14 pm and
particularly between 5 and 7 um. The material used for the base
plate is preferably & mono-crystalline silicon since this is cheap
and available in a condition (i.e. in wafers) in which it is
sufficiently flat m:xd. parallel and of low surface rougimess. and it
can be joined to the cover plate without the additional application
of adhesives or other materials during the subsequent joining
process. In order to produce a plurality of nozzle assemblies in
parallel, a plurality of structure base plates are formed on a wafer

of silicon.
It will be appreciated that materials other than silicon

can undergo structuring, and these can &also be firmly joined to the
cover plate in the subsequent joining process. Such materials are
gallium-arsenide or metals such-aé aluminium or nickel-cobalt-
alloys, for example, which can likewise be joined properly to a

glass plate.
A thin layer of silicon is thermally oxidised on the



the nozzle outlet. 5 10. A nozzl e according to ong
cl-aims.« wherein at |east one of said plates is made of sj
silicon/glass/silicon, . silicon/silicon, gallium arsenidef{gl ass_o
nmetal /glass. 10 11. A nozzl e according to one of
claims, wherein the nozzle outlet has a region of reduce il
accordance with principle of a water-jet punp, into which region one o6
nore small channel s opens/open, through which channels air can be sucked
into the jet of fluid. 15 12. A nozgl e according to one of the
preceding clainms wherein the inlet is substantially at a right angle to the
connecting surface, is arranged between a base and a cover plate and opens
into a recess which, seen fromthe direction of flow, is before the 20
Ll | FEF(?) : 13- _ surffaéé Bpéxflé GafRs € (HkyreCONPES Bi BGiucured. The axide r st nember
aving formed in_a first ce ther eof ONE. Yool il Wi dednBhet{s) adapted to
feed fluid to one™F ir’ﬁ%)?re?‘%g ee! £ 2L kne ?T 8i°8 outllfg‘; (s) logated at an edge
of the first menBisht-senwitine PLEftiss 18 lg oW SRS 85Tt Rat B spray of
dr Opl ets ts in a centrifuging process, and allowed to solidify (Figure 20B). .
’ The groove stru.ctures are then transferred to and developed in the
plastics layer using optical light by contact copy with a mask M, to
a scale of 1 : 1 (Figure 20C). In the next step of the procedure,
the plastics structures act as mgsks for structuring the silicon
oxide layer. The structuring is effected by reactive etching with

ion beams. During the structuring of the oxide layer, the plastics

material is completely removed (Figure 20D).

The oxide layer structured in this way then acts as a mask
for etching the grooves, which may be 5 - 7 um in depth, in the
silicon. When this is done, the oxide layer is also slowly removed
{Figure 20E).

At the end of the structuring process, U-shaped or
rectangular box-shaped grodves are formed on the silicon p_lat:e. but
these grooves can be of any geometric surface shape in the plan
view. _

With structuring of the base plate, other etching methods
can be used to achieve a number of variants to give other shapes of
groove which result in end products with nozzles of varying opening
cross-séction. Thus, for example, trapezoidal grooves can be
produced by over-etching or under-etching in the appropriate way.
These etched forms can be produced both by isotropic dry etching
methods and by isotropic wet etching methods. If anisotropically
.acting etching methods (both with reactive ion plasma and also with
wet chemical media) are used it is possible to produce nozzles of
triangular cross-section from V-shaped grooves in mono-crystalline
base plates. The geometric shape of the grooves can also be altered
by combining etching techniques with coating techniques. Virtually
any geometric shape can be produced. '

After structuring, the silicon plate is cleaned and the
rest of the silicon dioxide is removed by the wet-chemical method.
The gilicon plate is fhen Jjoined (Fig\;fe 20F) to a glass plate by
anodic bonding (cf. US. Patent 3,397..278 of 13.8.1968, .Pomerantz,
D.I. et al.}



formed by the fluid outlet(s) froma streamof fluid flow ng through t hem
b. a second nenber secured upon the said first fa
first nenber and adapted to co-operate with the first
or pore conduits each adapted to connect a said fluid i

.comruni cation with a said fluid outlet; and c. meaiiitd 1Y coRmat
said fluid inlet(s) to said neans for 35 genératFrg=t-heFl oW
ifluid. 14. A nozzl e assenbly conpri si ng: Thi s Sheet Has Been Re

'l aced 31 a. a first menber having dde or nore fluid inlet(s) forned

therein, one or nore fluid outlet(s) formed at an edge of said first nmenber
‘and one or nore channels fornmed in a first face of said first nenber

substantially parallel to 5 the plane of said face, the
channel (s) connecting the fluid inlet(s) with the fluid outlet(s) in fluid
flow . An alkali borosilicate glass such as Pyrex, for example,

(#7740 Corning) or Tempax (Schatt) is suitable for anodic bonding of
silicon and glass. The glass plate is placed on the structured
silicon plate and is contacted with en electrode. The entire
composite structure is heated to temperatures of between 200 and
500°C (preferably to about 450°C, because up to this temperature the
thermal expansion coefficients are still close to one another and at
the same time the alkali ions are sufficiently mobile for a fast
bonding process) and a negative v_51tage of about 1000 V is placed
between the silicon plate and the glass ;;iat:e. Due to this voltage,
the positively charged alkali ions move through the glass to ‘the
cathode, where they are neutralised. At the point of transition
between the glass and the silicon, a negative spaciai charge is
formed in the glass which causes electrostatic drawing together of
the two surfaces, and also results in a durable chemical bonding
being formed between the glass. surface and the silicon surface by
means of oxygen bridging bonds. . ‘

In this connection, it is also particularly advantageous to )
use glass as the cover material for reasons of quality control,
_since it is easily possible to visually detect the efficiency of the
bonded connection and also defects or foreign particles which lead
to malfunctions of the component part.

However, other cover materials other than glass can be
used. With high temperature loads it is possible to optimise the
thermal expansion coefficients of the composite member if siliconis
used both for the base plate and for the cover plate. For the
Jjoining process, a thin glass iayér is applied to the two plates,

.e.g. in an evaporating- or sputtering method, by means of which -the
bonding process can then be carried out. In this case, a visual
inspection can be made using infra-red viewing apparatus. 'M

After the bonding process, the composite structure (see
Figure 20G) is divided into individual units (e.g. squares) by a
fast rotating diamgnd circular saw, wherein the intake openings and
the outlet openings are opened up. If the cross-sectional surface
area is very different at the outlet (as with nozzle-shaped outlet
openings, for example), then the separating cut must be positioned

with precision to a few micrometers in order to obtain a defined



communi cation and incorporating one or nore narrow bore T
adapted to act as filters and one way valves to the flo %%8@%%%&
the said channels; 10 b. a second nenber |ocate \‘_')89 3 BET @?
face of said first member and co-operating with said fir [emyerto detin

with the said channel (s) in said first nmenber, conduit(s) for connecting
said fluid inlet(s) with said fluid outlet(s) in fluid fl ow conmuni cati on;

and 15 C. means for connecting the fluid inlet(s) of said first
menber in fluid flow comunication withl8 nmeans for generating the fluid
flow 15. A nozzle and filter assenbly _conprising: 20 a. a

“first plate into which are formed: 1: a first group of channels havi ng one
end thereof |ocated at_the Fl at e _boundar. second group

of channels of "8§H&I 6t and he?“ﬁ?%mﬂf‘é% g’é‘l”ﬁisﬁ F%5 e’ﬁ’l’%up,f ahﬁ’d 25 b
a second pl ate%‘ﬁ'&t“dﬁ%ﬂ rhghs oetdgtages said first plate so the surface of
sai d second pl at e co- OpdnAities seyatdtiorhetake s sdrtipudary dfghchannel s in said

first plate to £@1RtRndy’ sPeediCldeGRe®l (ukthifl Ml @LS 36088 Mbd/Ringai d second
ar OLJp of 5 in order to avoid expulsion at the side walls and edges of the
nozzle member. Such expulsion could cause undesirable changes to
fhe cross-section to the geometric shape of the outlet.
After dividing them up, the nozzle assemblies are cleaned
and are fitted inside appropriate holders.

10 Although illustrative embodiments of the invention have
been described in detail herein with reference to the .accompanying
drawings, it is to be understood that the invention is not limited
to those precise embodiments, and that various changes and
modifications can be effected therein by one skilled in the art

‘15 without departing from the spirit and scope of the invention as

' defined by the appended claims.
For example, although various embodiments of the invention
are described separately herein, it will be appreciated that
features from the various embodiments may be combined as appropriate

20 in yet further embodiments.



"of clains 13 to 15,

channels in said first plate to forma second set of fluid 30
condui ts havi-ng a cross-sectional size equal to or )

said two sets of channels. 16. A nozzle assenbly as clained’in an
This Sheet Has Bdé€n Re | aced 32 wherein the fluid

fluid outlets, whereby when a fluid is passed throu hRg%ll‘r‘iFFé‘é@b'hﬁHQE'bu of
channels they act as a filter to protect the first et of ?me whi|ch
act as spray formng fluid outlets; and 35 C. ?re‘;:t 3 - necl i ng

one

inlets, the fluid outlets and the cgir)\qﬁgi ng channels are formed wholly in

the first face of the first nmenber

second nenber is a cover

nmenber

secured over said first face to provide the wall -formng the conduits. 5

17.

A nozzl e assenbly as clainmed in any one of clains 13 to_ 16,

wherein the fluld 1 dwneeHe assemycioriusednpdrsaray gareratingrsiexicgavhioh bor e
portions vihilePhificAaRtE el Gt nB21d hisbRbR 4% BeShiE 'of'aP Feast 50 bar, -

whereby the nozzle assembly atomises the fluid medicament to form a spray
having droplets of a size suitable for inhalation into the lungs, comprising:

a first member having a first surface;

a second member having a second surface, said first and said second
surfaces being joined together; and

a plurality of channels formed in said first surface, forming, in coopération
with said second surface, a plurality of nozzle outlet passageways; wherein said
plurality of nozzle outlet passageways includes a plurality of nozzle outlets and are

in fluid communication with a fluid inlet, said plurality of nozzle putléts being

~arranged to discharge a plurality of fluid jets that impinge on one another to

thereby atomise said fluid, and wherein the nozzle outlets have a cross-sectional

area of from 5 to 2,500 square micrometres. !

2. A nozzle assembly Claim 1, wherein said i)lurality of nozzle outlets

is two nozzle outlets.

3. A nozzle assembly according to Claim 2, wherein said fluid jets are

arranged to impinge at an angle of 60° to 150°.

4, A nozzle assembly according to Claim 3, wherein said fluid jets are

arraﬁged to impinge at an ahgle of about 90°.

5. A nozzle assembly according to any preceding claim, wherein said

nozzle outlets have a cross-sectional area of 10 to 500 square micrometres.

6. A nozzle assembly according to any one of Claims 1-4, wherein said

I



outl et (s) against bl ockage by solid particles in the f 16—t
nozzl e assenbly as claimed in any one of claims 13 or FEWW"E%@EET
narrow bore portions inpose a pressure drop of fromO.8 to 333ng

flow of fluid through said narrow bore portions. 15 doate t..oes;
assenbly as clained in any one of clains 13 to 18, wherern the Tirst rrermer
is a substantially planar nenber and thggchannel (s), fluid inlet(s) and

~fluid outlet(s) are formed in a face of sald first nenber with the

paral ol ¢ o B hafe EIPAT B Sofnaliosh F SO T g A RGO
aperture(s) substantially normal to the pI ane of the first nenber. 20.

A nozzle assenbly as clainmed in any one of clains 13 to 19, wherein the
means for connecing thdozEle assembbuifes usy i 4 prRy rganemating’ desiere Which o 1 ow

generating ocal. nlet(s)
at an edge %"E’Y) lﬁ‘gﬂpfq'&ea}c?ﬁgggkg%gl r?’“';p%segﬁ@ygdﬁg Hgg?r%%ﬁseﬂb%a}]drbh t he
first and/ own&&bymﬁenmmw assedibly aromives the duid mmmmctotfbmhe Sprayv

generating device. 30 A nozzl e assen‘olrd)ée as clainmed _in any one of

clains 13 thavieg dwniﬂematﬁé@ suitable for inhalation im4e the WngHCOMPHIYAL: s secur ed

to a second faceaqusterlr{[eh%errhggmtg'a{?&st%urf&&e second nenber and which is

a second member having a second surface, said first and said second
_ suf_faces being joined together;

an outlet channel formed in said first surface, forming in cooperation with
said second surface, a nozzle outlet passageway, wherein said nozzle outlet
passageway is in fluid communication with a fluid inlet and includes a nozzle
outlet; and

means for inducing secondary flow in said fluid as it exits said nozzle outlet
to thereby facilitate atomisation, \n;herein said nozzle outlet has a cross-sectional

area of 5 to 2,500 square micrometres.

8. A nozzle assembly according to Claim 7, wherein said -means_ for

inducing secondary flow comprises a projection disposed in said nozzle outlet.

T



with nmeans for generating the fluid flow 35 22.
| claimed in any one of claims 13 to 21, wherein the fl

S 33 secondary flowin the fluid as it passes through the fluid

. outlet(s). 23. A nozzle assenbly as clainmed in any one of clains 13 to
21, 5 wherein there are at least two fluid outlets and they are
configured so as to format |east two jet3dlof fluid which inpinge one upon

t he ot her. 24 A nozzl e assenbl y as cl a| med in claim23, wherein the
line 10 H'/g @ the etS|§ incl u %W Ie qf frromGtCl)t? 1500.
25, Aoz 92ds aRenHIY afarfing do Glal( Op fe VBFTCR stitherdss g

wher ei n thgréd i b ikso §quar@ificiomeies] d fl ow comunication with a

10. A nozzle assembly according to any preceding claim, wherein said first and

second surfaces are generally planar.

11. A nozzle assembly according to any preceding claim, wherein the first
surface forms, with the second surface, a plurality of filter passageways between
the fluid inlet and the nozzle outlet passageway(s) to thereby protect the nozzle
outlet passageway(s) from blockage by any particles in the fluid medicament, the
first and second surfaces also providing a plenum chamber between the filter
passageways and the nozzle outlet passageway(s).

12. A nozzle assembly according to Claim 11, wherein the filter passageways

are substantially parallel to one another.

13. A nozzle assembly- according to Claim 11 or 12, wherein the filter
passageways are configured to impose a pressure drop of from 0.2 to 25 bar on
the fluid flow.

14. A nozzle assembly according to any preceding claim, comprising fluid inlet
means disposed substantially at a right angle to the first member and a fluid inlet
chamber defined by the first member into which fluid is received from the fluid

inlet means.

15. A nozzle assembly according to any one of Claims 1 - 13 wherein the inlet

is in an edge of the first member.

-

L



pl enum chanber which is in fluid fl ow comuni cation wt
outlet(s). 26. A spray generating device conprisi
nozzl e assenbly according to any one of the preceding
spray of droplets froma streamof fluid fed to it by 74
generating a flow of fluid. 27. A method for produci Ny &-rezZlE "
nozzl e assenbly as clainmed in any one ofzglains 1 to 25 or for use in a
spray generating device as clainmed in clairm26. wherein the fluid 25

outlet(s), e flLLuid inlet(s) and the conn ' e in the
face 01S %heié]‘i r§€‘ H%%%P%@‘ﬂ%ﬁ&%?ﬁ%ﬂ? qngrepﬁééeﬂgl%ig?@?’i grﬁex??rg%feﬁ]eg;& iatce;
and securi Ngethbef PG oU@BeMbepoN the said first nmenber whereby the face of

sai d second nenber opposed to said first menber co-operates with the said
fluid outlet(s), fluid inlet(s) and 30 said channels to formthe fluid

fl ow pat hs r sagid nozzle nozzl. 28, 1.3 t | ai med
In claim 27,i whe p%zg%ﬁeﬁﬁi%??cgfdlﬁgﬁééﬁggk%gﬁg c}aérrrrlb\% : y ag(z&éﬁéﬁ(?ng
process. 35oLfhe memberd dBRiptRes dficohai ned in either of claims 27 or 28.
wherein the said second nenber is secured to said first nmenber by adhesion,

REPacEL
i %5%%5!6‘@

- 18. A nozzle assembly according to any one of Claims 1 - 16 wherein at least

one of the members comprises glass.

19. A nozzle assembly according to any preceding claim, wherein the

channel(s) have been formed by chemical etching.

20. A nozzle assembly according to any preceding claim, wherein said

members are joined by adhesion, welding or diffusion bonding.

21. A nozzle assembly according to Claim 1, substantially as hereinbefore

described with reference to any of the Figures of the drawings.

22. A spray -generatihg device for atomising fluid medicament at a pressure of
at least 50 bar to form a spray having droplets of a size suitable for inhalation into
the lux}gs, the device comprising a nozzle assembly according to any one of Claims
1 to 21 and means for generating a flow of fluid medicament to the nozzle

assembly.

2'3..' A device accbrding to Claim 22, which is arranged to atomise a metered

dose of the fluid medicament.

24. A device according to Claim 22 or 23, wherein the pressure is from 100
to 400 bar. '

A



REPLAC ED WD 94/ 07607 :
PCT/ GB93/ 02020 34 wel ding or diffusion bonding. 30. || gepL Eﬁ%@ﬁ%ﬁéﬁ he
~production of a nozzle according to clains 1 to 12, erelﬁﬁ t he gr.oove

- structure is produced by the 5 conbi nati on of an o‘

Dot 3! DEGAII B
. met hod and an i on- suppl errent ed etchi ng rfet hod. 31. met-hod-{-o

- productiongf g é e d@gglém o b 241%Vhe¥g?t§al {t\e%ﬁgled&r (}Vﬁ&d

structure i'$ pro uce |nat|on o an op ograp

18 0 A ST 4108 1 5o e R

production o a nozz accor elnt oove
structure icyliRdrd3feepuy mddBardisn a ﬁi@@@ﬂh@&&ﬁéﬁ'opi dﬂﬂe 9%5.[2? ahe pistdioi reialtied
met hod and cgn addi ti verﬂi({:oat i ng matgho met for t he production
of a nozzl éndecetdced positioh Aamk vdhdn&lﬁcharg&ieraluﬁream is veleastdhsethantie gpeinged
toget her by field-

. drives it forwards to discharge the thereby pressurised fluid medicament through the

)

nozzle assembly.
26. A method of producing a plurality of nozzle assemblies, comprising:

forming a first member to have a first generally planar surface and a plurality of
grooves formed within said first generally planar surface; '

forming a second member to have a second generally planar surface;

joining Said first member and said second member along said first generally planar
surface and said second generally planar surface to form a composite structure; and

separating said composite structure into individual composite portions té form
individual nozzle assemblies, wherein each of said nozzle assemblies comprises a nozzle
intake, a nozzle putlet and a channel connecting said nozzle intake and said nozzle outlet
in fluid flow communication formed from said plurality of grooves.
27. The method of claim 26, Wherein said step of sepafating said composite structure
comprises:

sawing said composite structure using a rotary saw.
28. The method of claim 26, wherein said step of separating said composite structure
comprises:

slitting and breaking said composite structure.
29." The method of claim 26, wherein said step of forming a first member comprises:

selectively removing material from said first member to form said plurality of
grooves.
30. The method of claim 29, wherein said step of selectively removing material
comprises: | '

etching material from said first member.

A



20 supported bonding (application of an electrostatic fff —3F- 7
nmet hod for the production of a nozzle according to clai E_fj'-t‘\@EME,NTvﬁféEEéﬁﬂ

a relatively large nunber of nutually joined together npzzle W"DHA?J@
- FFE-- -0
N

1
i
i

produced in a slice conposed of tiles of 25 appropri at €| 3e--aceor

clains 30 to 33, and then separated into?*ndividual portions. 35 "

t hod di i i - . 2 q
et hod, aco8tof At GbebrLi JGHEL W BRI BHAG QRHAl ikt JFLLFRC
accordi ng b@r GyatamBiing\Agr pifeal hggggaglget mBBo8 PH1dahh OfdnisippleReniakasniy

slLitting and breaking the slice. A method for the production
of a nozzl enettsriprding to clains 1 to 12, wherein grooves are produced in a
base plate nmade of crystalline silicon using a |ight optical |ithographic

met hod in 32. WDh84h&HED3f claim 26, wherein said step of forming said first member is carried
PCT/ GB93/ 02020 35 conj unction with an ion-supplemented reactive dry etching
met hod, t heugbyosrabining amopticahithographict method and a wetichemicalostching oteithod,

33. The method of claim 26, wherein said step of joining said first member and said
second member is carried out through application of an electrostatic field.
34. The method of claim 26, wherein said step of joining said first member and said
second member is carried out through an adhesion process.
35. The method of claim 26, wherein said step of joining said ﬁfst member and said
second member is carried out by welding.
36. The method of claim 26, whereih said step of forming said first member
comprises:

etching a silicon wafer.
37. The method of claim 36, further comprising:

applying an oxide léyer to said silicon wafer; and

applying a plastic layer over said oxide layer.
38. The method of claim 36, wherein said step of forming said second member is
carried out using a glass plate.
39. A method for producing a nozzle assembly, comprising:

forming a first member to have a fluid inlet, a fluid outlet having a cross-sectional
area of approximately 25 to 500 square micrometers, and a channel formed in a first face
of said first member, said channel connecting said fluid .inlet and said fluid outlet in fluid
flow communication, wherein said fluid inlet, said fluid outlet, and said channel are
formed by selectively removing material from said first face of said first member;

forming a second member having a second face; and

R



wher eupon the base plate is coated with an unstructur =S =
joined firmy to it by anodic bonding. 5 38. A s PLAGEMBENT SiiEETv
or a nozzle or nozzle assenbly substantially as hereinpb forﬂ&eﬁﬁﬁ gy w
reference to and as shown in any one of thesacconmpanyillnd®8r-aw-ngs: ...

40. The method of claim 39, wherein material is selectively removed from said first
face using an etching process. . - . -
41. The method of claim 40, wherein said step of forming said first member further
comprises: |

forming a plurality of filter passageways by selectively removing materjal from
said first face.
42. The method of claim 39, wherein said step of securing said second member to said
first member is carried out using an adhesjon process.
43. The method of claim 39, wherein said step of securing said second member to said
first member is carried out by welding.
44. The method of claim 39, wherein said step of securing said second member to said

first member is carried out by diffusion bonding.
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ATOMISING NOZZLE AND FILTER AND SPRAY GENERATING DEVICE

_ABSTRACT

The present invention provides a simple form of nozzle assembly for.use in generating
sprays from a fluid, which comprises a first member (11) having one or more nozzle outlets
(14), one or more fluid inlets (16) and one or more channels (15) connecting them formed by
electrical or chemical etching or other processes which selecﬁ{rely remove material from one
face of the said member (11); and a second member (12) cooperating with the said first
- member to provide a wall of said:outlets, inlets or channels to form the fluid flow paths for the
nozzle assembly.

- Fig. 1.



